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Foreword 


» 


With the establishment of a Residential Journeyman Wire- 
man Classification, it was felt that a book covering this sub- 
ject might be very helpful. As an inspector, I find that many 
journeymen who work mostly with industrial and commercial 
types of wiring may occasionally be required or desire to 
wire a residence. It was felt that, for these reasons, a book 
covering only residential wiring would be quite appropriate. 

The importance of a good safe residential wiring job is 
sometimes taken too lightly. Poorly installed wiring can be 
very hazardous to the owner or renter as well as to his 
personal property. A good and safe wiring installation will 
not only be a source of satisfaction to the electrician, but to 
the owner or renter as well. 

Electricity is too often taken as a matter-of-fact item 
when, in fact, it is one of our most important servants. We 
use it without giving it a second thought, and we are in- 
clined to completely ignore the wiring installation as long as 
the lights come on when we push a switch. 

My work in the electrical industry dates back to 1928. I 
often look in wonderment at the changes that have taken 
place in this field since that time. Then, in most cases, one 
or two branch circuits served the entire residence. Today, 
nearly everything around and in the home depends on: 
electricity. This includes housekeeping chores, entertain- 
ment, hobbies, heating, cooling—the list is endless. 


The average person spends the major portion of his time 
in his home. Most of his worldly goods are there, his loved 
ones are there, so every precaution should be taken to in- 
sure that safe and adequate electrical wiring is installed. 
Planning for the future growth of electrical usage should 
also be done. This will involve only a small amount of 
extra money if done at this time, but if the customer should 
later find the wiring inadequate for his needs, then many 
dollars will be required to bring it up to date. This fact 
can be seen from the tremendous increase in electrical con- 
sumption since 1928 when one or two branch circuits were 
adequate. In the home of today, twenty or more circuits 
are not uncommon. Electrical usage has far exceeded the 
predictions of the electric utility companies. 

With all of this in mind, I would like to dedicate this 
book to the men who have given their time and money to 
develop the NATIoNAL ErEcrRICAL Cope to where it is today. 
Among the many persons involved, I especially want to 
mention Mr. George H. Tryon, NFPA Director of Member- 
ship Services; Mr. Richard Lloyd, Chairman of the Corre- 
lating Committee; Mr. Frank Stetka, former Secretary and 
Field Engineer; Mr. John Watt, former Secretary and Field 
Engineer; and Mr. L. E. LaFehr, Member of the Correlat- 
ing Committee and Director of the International Association 
of Electrical Inspectors. These men have graciously per- 
mitted me to use excerpts from the NATIONAL ELECTRICAL 
Cope in the preparation of this book. 

Every attempt has been made to offer a clear interpreta- 
tion of the NEC rulings and to anticipate changes that are 
likely to be incorporated in the 1978 NEC. Consult the 
1978 NEC when it is available for any changes that have 
not been included. 


ROLAND Е. PALMQUIST 
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CHAPTER 1 


Introduction 


We are all familiar with the NATIoNAL ELECTRICAL CODE 
published by the National Fire Protection Association, 470 
Atlantic Avenue, Boston, Mass. 02210. This Code has been 
adopted by inspection authorities throughout the country. 
There are two editions — the full length edition known 
as the NFPA 70, and the ELECTRICAL CODE FOR ONE AND 
Two Famity Dwe.uincs known as NFPA 70A. Both are 
available from the above address, or may be secured from 
your local inspection authority. It is highly recommended 
that one or both be used in conjunction with this book. 

Code language is a special language, so become thor- 
oughly familiar with it. Some people complain it is difficult 
to find something in the Code, so use this book along with 
the Code and familiarize yourself with it. This book was 
prepared in a step-by-step manner with many illustrations 
added to help simplify and clarify the Code rulings. It is 
impossible to include every conceivable answer for every 
conceivable condition, but it should be possible to piece 
together special conditions. The understanding gained here 
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may be supplemented by asking the inspector about points 
on which you are in doubt. In most every case he will be 
able to assist you with any specific problems that might arise. 
Be assured that an inspector’s job is not to lay out the job 
for you. He is too busy, but he will most certainly assist you 
in your specific problems as they arise. 

Most states, many counties, and practically every city or 
town have laws governing the installation of electrical wir- 
ing. They also require permits, licenses, and inspections. 
The first step is to ascertain under which jurisdiction the 
inspections will come. Next, obtain a permit (if one is 
necessary) and pay the fees. Call for all inspections, such 
as the rough-in inspection before closing in the walls, and 
the final inspection. The inspector might well require walls 
to be removed should they be covered before inspection. 
He will actually be doing you a favor in doing so since he 
cannot give an honest inspection if he can’t see the wiring as 
installed before covering. You will find that the inspector 
has only one job to do—to see that there are no hazards to 
you and to the customer’s home and family. Should a fire re- 
sult without proper inspection, there could be a possible in- 
volvement with the collection of insurance claims and re- 
sponsibility. Anyone purchasing or renting a home has a 
right to demand proof that the wiring has been inspected. 
They expect to find an approval tag on it. 

Actually, the wiring of a home is the smallest single cost 
of the total construction costs. This being the case, do not 
slight the smallest detail of the wiring installation. 

As you progress with the reading of this book, you will 
find references to certain portions of the Code, such as 
Section 230-70 or Table 370-6(a). These indicate the sec- 
tions or Tables as numbered in the NaTionaL ELECTRICAL 
Cope (NEC) so that, should you wish to do so, you may 
look them up in the NEC for further study. There will also 
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be quotes from the NEC as well as some Tables. The quotes 
will be in italics and the Tables identified by Notes. | 

Section 90-1 in Article 90 of Ње МЕС explains the purpose 
of the NEC: 


90-1. Purpose. 

(a) The purpose of this Code is the practical safeguard- 
ing of persons and property’ from hazards arising from the 
use of electricity. 

(b) This Code contains provisions considered necessary 
for safety. Compliance therewith and proper maintenance 
will result in an installation essentially free from hazard, but 
not necessarily efficient, convenient, or adequate for good 
service or future expansion of electrical use. 


Hazards often occur because of overloading of wiring 
systems by methods or usage not in conformity with this 
Code. This occurs because initial wiring did not provide 
for increases in the use of electricity. An initial adequate 
installation and reasonable provisions for system changes 
will provide for future increases in the use of electricity. 


Bearing in mind what is covered in Section 90-1, you will 
find many recommendations added to this book as good 
practices. They will be over and above Code requirements 
and will be so stated along with reasons for the recom- 
mendations. Consider putting these recommendations into 
use. You will be surprised at how easy the extras are to sell 
to the customer, and they will pay dividends for a long time 
to come. 

We must, by necessity, have definitions for clarification. 
Article 100 of the NEC is all definitions. Definitions will not 
appear in this book as a separate chapter, but will be pre- 
sented as it is felt they are applicable. In this way you 
will receive the most benefit from these definitions because 
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you will see the application as the particular subject is be- 
ing covered. 

Some of the interpretations will be taken from Audels 
GUIDE To THE 1978 NATIONAL ELECTRICAL Cope, written by 
this author. Remember that this book is based on the NEC 
and that some states, counties, cities, or towns may have 
additional requirements that must be followed in the wiring 
installations in those jurisdictions. For instance, Colorado 
has adopted the NEC. This permits wiring residences with 
nonmetallic cable ( Котех ). There are, however, some cities 
in Colorado which require metallic raceways for these 
wiring installations and do not permit NM cable. There are 
other requirements in other cities, so check with the auth- 
ority having jurisdiction for any requirements over and 
above the NEC requirements. The NEC, as was stated in 
Section 90-1, is a minimum. However, be assured that with 
all of the dedicated and highly qualified men participating 
in the writing of the NEC, that whenever they find some- 
thing has been included that tends toward a hazard, the 
Code is revised. In the meantime, if the methods are safe, 
they do not wish to penalize persons by requiring wiring 
methods not deemed necessary. They, of course, cannot des- 
ignate fire-zones, etc., so these must be left up to the local 
inspection authorities. 


The text appearing herein in italics is reprinted with per- 
mission from the 1978 National Electrical Code (NFPA 70) 
copyright 1977, National Fire Protection Association, 470 
Atlantic Avenue, Boston, MA 02210. Persons desiring to reprint 
in whole or in part any portion of the National Electrical Code 
1978 must secure permission from the National Fire Protection 
Association. 
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Basis for Load Calculations 


In order to plan the wiring, it will be necessary to do a 
certain amount of calculating for the Service, Branch Cir- 
cuits, and Feeder Circuits. The definitions for these three 
terms as they appear in Audels Сире To THE 1978 Na- 
TIONAL ELECTRICAL Cope, are as follows. 


Service—The conductors and equipment for deliver- 
ing energy from the electricity supply system to the 
wiring system of the premises served. This definition 
is very complete and applies to all wiring and equip- 
ment extending from the last pole or underground dis- 
tribution system through the service equipment. The 
following definitions will give the breakdown of the 
separate parts or sections of a service. 


Service Conductors—The supply conductors which ex- 
tend from the street main, or from transformers to the 
service equipment of the premises supplied. Therefore, 
service conductors are the conductors defined under 


Service. 
Service Cable—The service conductors in the form 
of a cable. 
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Service Drop—The overhead service conductors from 
the last pole or other aerial support to and including 
the splices, if any, connecting to the service-entrance 
conductors at the building or other structure. In rural 
areas, the utility company often locates a meter pole 
in the yard; this may or may not have an overcurrent 
device installed. The service drop does not stop at the 
pole, but continues on to the building or buildings or 
other structures that it serves. See Fig. 1. 


| lo Sa SERVICE DROP 
| 


1 
W i SERVICE 
T ENTRAN 
LINE POLE Ir m 


Fig. 1. The service drop attached to a building or other structure. 


Service Entrance Conductors, Overhead System— 
The service entrance includes the conductors from the 
service equipment to a point outside the building, clear 
of the building walls. They are attached to the service 
drop at this point by either tap or splice. The meter 
housing and meter, if on the building wall, are not con- 
sidered as parts of the service-entrance equipment. 
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Service Entrance Conductors, Underground System 
—The service conductors between the terminals of the 
service equipment and. the point of connection to the 
service lateral. Where service equipment is located 
outside the building walls, there may be no service- 
entrance conductors, or they may be entirely outside 
the building. See Fig. 2:for a sketch showing the pos- 
sible conditions. 


nd DISTRIBUTION POLE 


SERVICE EQUIPMENT 


SERVICE-ENTRANCE CONDUCTORS 


JUNCTION BOX 


Fig. 2. The service lateral extends from point A to point B. The service entrance is 
from point B to point C. 


Service Equipment—The necessary equipment usually 
consists of a circuit breaker or fuses and a switch lo- 
cated on the inside or outside of the building near the 
point of entrance. It is intended to constitute the means 
of disconnecting the electrical supply entering the 
building, as shown in Fig. 3. Further information is 
covered in Article 230. 


Service Lateral—These include the underground serv- 
ice conductors, including any risers up the pole at the 
street main or transformer structure. They are consid- 
ered as service laterals until they enter a junction box 
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INSULATORS 


Fig. 3. Service-entrance equipment that 
serves as the electrical disconnect 


supply. 


SERVICE-ENTRANCE ` 
EQUIPMENT 
(BREAKER OR FUSED 
SWITCH OR IN SOME 
CASES A DISCONNECT) 


in the building. If such a box is not used, they will 
cease to be service laterals at the point of entrance into 
the building, at which they become service-entrance 
conductors. If the service-entrance equipment is lo- 
cated on the outside of the building, there may possibly 
be no service-entrance conductors; they could all be 
termed service laterals. See Fig. 3. 


Service Raceway—This is any raceway, conduit, or tub- 
ing enclosing the service-entrance conductors. Where a 
service mast is used, the conduit to the metering cir- 


SWITCH 


Fig. 4. A lighting branch circuit. 


14 


Basis For Loap CALCULATIONS 


cuit, the raceway (for connecting to the metering if 
several should be required), and the connections from 
the raceway to the service equipment are all considered 
the service raceway. 


Branch Circuits—There are five separate definitions 
for branch circuits, each with an individual purpose 
in mind. 

(1) A branch circuit is that portion of a wiring system 
extending beyond the final overcurrent device pro- 
tecting the circuit. This protective device may be a 
circuit breaker or fuse in the service-entrance equip- 
ment, where the particular circuit breaker or fuse does 
not serve as protection for feeder circuits to the feeder 
panels, or where feeder panels are used. The branch 
circuit is that circuit coming from the feeder panel, or 
as stated above, it may be from the service-entrance 
equipment. 

Do not confuse the part that says beyond the final 
overcurrent device protecting the circuit. The part pro- 
tecting the circuit defines what is meant. Thus, in the 
lighting-branch circuits shown in Fig. 4, there is a circuit 
breaker or fuse in the panel feeding the lighting-branch 
circuit. 

(2) A branch circuit (as applied to appliances) is a 
circuit designed for the purpose of supplying an appli- 
ance or appliances; nothing else can be connected to 
this circuit, including lighting. The lighting that is an 
integral part of the appliance is not considered as 
lighting in this instance. Pay particular attention to this 
part, as we will be covering appliance circuits as they 
apply to residential wiring. 

(3) A branch circuit multiwire (Figs. 5A and 5B) 
is a circuit consisting of two or more ungrounded con- 
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ductors with an equal potential between them, and a 
grounded conductor with an equal potential between it 
and any one ungrounded conductor. In residential wir- 
ing, this is a 120/240-volt system in most cases, but it 


PHASE A ———9 o а таи 
115V 


A =———ү eee 
^^“ 115V 


PHASE B——o : 


B rN Ta 


RHASEB о eee 


PHASE C ——o — e — — N 


PHASE А ——9 Qo 
(c | 
PHASE A———o ——-—. 


Fig. 5. Variations of a multiwire branch circuit. Circuit C is not a multiwire branch 
circuit because it utilizes two wires from the same phase in conjunction with the 
neutral conductor. 


may also be a 120/208-volt wye system. Fig. 5C is not 
a multiwire branch circuit because it utilizes two un- 
grounded conductors from the same phase in conjunc- 
tion with the neutral conductor. 

(5) A branch circuit individual is a circuit that sup- 
plies just one piece of equipment, such as a motor, an 
air conditioner, or a furnace. 

Only four out of five definitions are given here as it 
is not felt that the other one particularly applies to 
residential wiring. 


Feeder—All circuit conductors between the service 
equipment, or the generator switchboard of an isolated 
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plant, and the final branch-circuit overcurrent device. 
We must always have service equipment, but it is 
not always necessary to have feeders. For instance, 
the average home does not have feeders; the branch 
circuits are taken from the overload devices in the 
service-entrance equipment. When we have a large 
area to cover, the usual practice is to extend feeder cir- 
cuits from the service-entrance equipment to the proper 
locations for distribution to the branch circuits. Thus, 
the conductors from the service equipment to the distri- 
bution location are termed feeders. 


In the preceeding definitions, the NEC quotations appear 
in italics. 

For the information necessary to arrive at the calculations 
of loads, we will use 3 watts per square foot for residential 
occupancies. There will be some cases where this figure 
will not be sufficient, such as when more lighting than 
normal is installed in a residence. For general calculations, 
however, 3 watts per square foot will be adequate. Should 
there be extra lighting, this will be added to the total ob- 
tained from the 3-watts-per-square-foot figure. 

In figuring the watts per square foot for a residence, the 
outside dimensions of the building shall be used. These di- 
mensions do not include the area of open porches or gar- 
ages which are attached to the residence. If there is an un- 
finished basement, it should be assumed that it will be fin- 
ished at a later date. Thus, the square foot area of the base- 
ment should be included in the square foot area used for 
load calculations so that the system will be adequate when 
the basement is finished. 

In Figs. 6A and 6B, we find the first floor measures 32% ft. 
by 57 ft., or 1853 square feet. The basement is only a par- 
tial basement, the measurements of which are 32% ft. by 
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(A) First-floor layout. 


Fig. 6. Electrical layout drawing of 
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NON EXCAVATED 
AREA 


| 


a one-story residence with basement. 


(B) Basement layout. 
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34 ft., or 1105 square feet. From this we find a total of 2958 
square feet which will be used with the 3-watts-per-square- 
foot figure for general lighting, etc. We find that this comes 
to 8874 watts total. 

The above watts per square foot is a general lighting 
load. Any outlet of 15 amperes or less, such as receptacles 
in bedrooms, living rooms, bathrooms, etc., are considered 
in the general lighting load. Any loads other than those con- 
sidered as general lighting loads, such as special lighting, 
heating, air cooling (a special loading is considered for 
heating and air cooling, and will be covered later), or any 
special motor loads, etc. will be considered separately. 
Ranges and electric dryers will also be considered separately. 

In general, for illumination as covered under watts per 
square foot in dwelling occupancies, it is recommended that 
not less than one branch circuit be installed for each 500 
square feet of floor area in addition to that required for 
special loads. 


Section 220-3(b) covers what is termed Small Appliance 
Branch Circuits. These are not to include any appliances 
that are fixed, such as disposals and built-in dishwashers, 
etc. To quote Section 220-3(b): 


(b) Small Appliance Branch Circuits, Dwelling Unit . 
For the small appliance load in kitchen, pantry, family 
room, dining room, and breakfast room of dwelling occu- 
pancies, two or more 20-ampere appliance branch circuits 
in addition to the branch circuits specified in Section 
220-3(a) shall be provided for all receptacle outlets in these 
rooms, and such circuits shall have no other outlets. 

Receptacle outlets supplied by at least two appliance 
receptacle branch circuits shall be installed in the kitchen. 

At least one 20-ampere branch circuit shall be provided 
for laundry receptacle(s) required in Section 220-3(c). 
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ADDITIONS TO EXISTING INSTALLATIONS 


Section 220-2(b or d) apply to new circuits or extensions 
to existing electrical systems in dwellings. They may be fig- 
ured on the watts-per-square-foot basis or the amperes-per- 
outlet basis. This will apply to that portion of an existing 
building that has not been previously wired, or to any addi- 
tion that exceeds 500 square feet in area. In this case, the 
addition will be figured on the watts-per-square-foot basis, 
as previously described. Also take into consideration any 
other loads that are involved. 


SMALL APPLIANCE LOADS 


The small appliance branch circuits just mentioned shall 
have a feeder load of not less than 1500 watts for each two- 
wire circuit installed, as outlined in Section 220-3(b). These 
circuits are for small appliances only (portable appliances 
supplied from receptacles of 15- or 20-ampere rating). Recall 
that a minimum of two such 20-ampere (1500-watt) cir- 
cuits shall be installed in the kitchen. It will often be de- 
sired to install more than the required minimum of two. 
Remember that small appliance circuits are also required in 
the pantry, family room, dining room, and breakfast room. 
These may be fed from the two required in the kitchen or 
separate 1500-watt (20-ampere) circuits may be installed. 
These 20-ampere small appliance circuits and the 20-ampere 
laundry circuit all must be installed with No. 12 copper 
conductors or No. 10 aluminum conductors. 

What constitutes a family room is not clearly defined. It 
is not a living room or parlor, but is a room where the fam- 
ily will gather to relax, play games, have snacks, look at 
television, etc. The reason for small appliance circuits in 
this room is because snack-type meals or popcorn may often 
be prepared or served there, so 20-ampere receptacle cir- 
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cuits are installed to handle the plug-in type portable elec- 
trical appliances which may be used in this room from time 
to time without overloading the normal circuits. The im- 
portant point to remember is not what this room is called, 
but what it will be used for. 


ELECTRIC RANGES 


In calculating feeder loads for electric ranges or other 
cooking appliances in dwelling occupancies, any that are 
rated over 1% KW shall be calculated according to Table 
220-19 in the NEC. Some of the notes accompanying the ta- 
ble are a part thereof and are important in the calculation of 
feeder and branch circuits. 

Due to larger wattages being used in modern electric 
ranges, it is recommended that the minimum demands for 
any range less than 8% KW rating be figured using Column 
A in Table 220-19. 

The notes accompanying this table do not appear here. 
Should you need to refer to them, see NFPA 70 or 70A. 

It is wise when using this table not to merely size the 
branch circuit and/or feeder circuit to the cooking unit(s) 
installed according to this table, but to have additional ca- 
pacity in the conductors so that if a higher wattage range is 
added later, it will not be necessary to rewire the circuit. 
The additional cost at the time of the original installation 
will be very small. 

Demand factor, as in the table, is defined as follows: 


Demand Factor—Demand factor may be applied to an 
entire electrical system, or any part of an electrical sys- 
tem. It is the ratio of the maximum demand of the 
system, or part of a system, to the total connected load 
of the system, or of the part of the system under con- 
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Table 220-19. Demand Loads for Household Electric 
Ranges, Wall-Mounted Ovens, Counter-Mounted 
Cooking Units and Other Household Cooking 
Appliances over 1 % kW Rating 

Maximum 


Pai ai Demand Factors 

ee Notes 

NUMBER OF ( ). (See Note 3) 
APPLIANCES COLUMN A COLUMN B COLUMN C 


(Not over 12 (Less than 344 (3% kw to 8% 
kw Rating) kw Rating) kw Rating) 


1 
2 
3 
4 
5 
6 
1 
8 
9 


kw 
118 kw plus 1 kw 
for each range 
25 kw plus % 
| kw for each 


61 & over ` range 


sideration. The loads on a system are practically never 
thrown on at the same time due to the diversity of uses. 
Somewhere between the maximum connected load and 
the actual usage is a load that may be considered 
the maximum demand. This fact is often used in de- 
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termining the size of conductors or overcurrent devices. 
The demand factor is usually determined by a series of 
tests, and then after it is proved it is added to the 
Code. Examples will appear later. 


As a rule, the entire wattage of the range will not be 
used at one time, and this is the reason that demand factors 
have been taken into consideration in Table 220-19. 


CLOTHES DRYERS (ELECTRIC) 


Electric clothes dryers will be taken at 100% of the name- 
plate rating. As with ranges, it is a good policy to install the 
branch circuit and feeder conductors a little larger than the 
minimum required. I recommend nothing less than No. 8 
copper or No. 6 aluminum to the dryer. Some wiremen have 
a tendency to install conductors that barely meet the name- 
plate rating, but with higher wattage dryers appearing, it 
certainly is false economy not to install sufficiently large 
conductors in the original installation. 


SPACE HEATING AND COOLING 


In dwelling occupancies having both electrical space- 
heating and air-cooling equipment, the larger of the two 
loads is used in calculations and the smaller omitted, pro- 
viding that the likelihood of both being used at the same 
time is remote. An air conditioning load is an inductive- 
type load, so the number of amperes drawn by this equip- 
ment is used in the calculations in order to take into account 
the low power factor involved. 


FARM BUILDINGS 


Many residences will be on farms. There are calculations 
for farm buildings which will appear in a separate chapter. 
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CALCULATIONS OF FEEDER LOADS 


The following excerpt from Table 220-11 applies to 
dwellings: 


Table 220-11. Lighting Load Feeder Demand Factors 


Type of Portion of Lighting Load 
Occupancy : to which Demand 
Factor Applies (wattage) 


Dwelling Units First 3000 or less at 
Next 3001 to 120,000 at 
Remainder over 120,000 at 


First 50,000 or less at 
Remainder over 50,000 at 


First 20,000 or less at 
Next 20,001 to 100,000 at 
Remainder over 100,000 at 


Hotels and Motels — includ- 

ing Apartment Houses 

without provision for 
cooking by tenants 


Warehouses 
(Storage) 


All Others 


* The demand factors of this Table shall not apply to the computed 
load of sub-feeders to areas in hospitals, hotels and motels where entire 
lighting is likely to be used at one time; as in operating rooms, ball- 
rooms, or dining rooms. 


OPTIONAL CALCULATION 


The following is quoted from the NEC as it applies to 
dwellings: 


220-30. Optional Calculations—Dwelling Unit. For a 
dwelling unit having the total connected load served by a 
single 3-wire, 115/230-volt or 120/208-volt set of service- 
entrance conductors or feeder conductors with an ampacity 
of 100 or greater, it shall be permissible to compute the 
feeder and service loads in accordance with Table 220-30 
instead of the method specified in Part B of this Article. 
Feeder and service-entrance conductors whose demand load 
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is determined by this optional calculation shall be permitted 
to have the neutral load determined by Section 220-22. The 
loads identified in Table 220-30 as “other loads” and as “Re- 
mainder of other load” shall include the following: 

(1) 1500 watts for each 2-wire, 20-ampere small appli- 
ance branch circuit and each laundry branch circuit speci- 
fied in Section 220-16. ай 

(2) 3 watts per square foot for general lighting and 
general-use receptacles. 

(3) The nameplate rating of all fixed appliances, ranges, 
wall-mounted ovens, counter-mounted cooking units, and 
including four or more separately controlled space heating 
units. 

(4) The nameplate ampere or kVA rating of all motors 
and of all low-power-factor loads. 

(5) When applying Section 220-21 use the largest of the 
following: (1) Air-conditioning load; (2) The 65% diversified 
demand of the central electric space heating load; (3) The 
65% diversified demand of the load of less than four sep- 
arately controlled electric space heating units; (4) The con- 
nected load of four or more separately controlled electric 
space heating units. 


Table 220-30. Optional Calculation for Dwelling Unit 


Load in kW or kVA Demand Pak 
Percent 
Air conditioning and cooling, including heat pump 
compressors 
Central electric space heating 


Less than four separately controlled electric space 
heating units 

First 10 kW of all other load 

Remainder of Other load 


Basis FoR Loan CALCULATIONS 


220-31. Optional Calculation For Additional Loads in 
Existing Dwelling Unit. 

Quoting from the NEC: 

For an existing dwelling unit presently being served by an 
existing 115/230 volt or 120/208, 3-wire, 60-ampere service, 
it shall be permissible to compute load calculations as 
follows: 


Load (kW or kVA) Percent of load 


о 1) КОК Ее 100% 
Remainder of load at 


Ce | n ng n 


Load calculation shall include lighting at 3 watts per 
square foot; 1500 watts for each 20-ampere appliance cir- 
cuit; range or wall-mounted oven and cooking unit, and 
other appliances that are permanently connected or fastened 
in place, at nameplate rating. 

If air conditioning equipment or elects space heating 
equipment is to be installed the following formula shall be 
applied to determine if the existing service is of sufficient 
size. 


О MODEM... msc t 1002 
Central electric space heating? ...................-....--..-.-- 100% 
Less than four separately controlled space 

О КОЕ КО. T OEC C CITED, 100% 
First 8kW of all other load... 100% 
Remainder of all other load. ..................................... 40% 


Other loads shall include: 

1500 watts for each 20-ampere appliance circuit 

Lighting and portable appliances at 3 watts per sq. ft. 

Household range or wall-mounted oven and counter- 
mounted cooking unit. 


*Use larger connected load of air conditioning and space 
heating, but not both. 
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All other fixed appliances including four or more sep- 
arately controlled space heating units, at nameplate rating. 


MOTOR LOADS 


The NEC will be referred to: 


Section 220-14. Motors. Motor loads shall be computed in 
accordance with Sections 430-24, 430-25, and 430-26. 


The basic discussion here is that if the motor loads are 
included in the residence (and this will include air condi- 
tioning motors, furnace motors, pump motors, disposal 
motors, etc.), 125% of the full-load current rating of the 
largest motor involved will be taken, and then 100% of the 
full-load current rating of the balance of the motors used 
in determining the ampere rating of the conductors re- 
quired to serve the service and/or feeders in the residence. 
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CHAPTER 3 


Actual Calculations 
for Dwellings 


The first calculations in this Chapter will be on the basis 
of Table 220-11 of the NEC and Chapter 2 of this book. 
This method is widely used. The heading of Table 220-11 
is: Lighting Load Feeder Demand Factors. Do not let this 
confuse you, it is for Feeder Calculations and/or Services. 


CALCULATION NO. 1 


Let us use the dimensions of the residence illustrated in 
Fig. 6A and 6B of Chapter 2. The outside dimensions of the 
ground floor are 32% ft. by 57 ft., or 1853 sq. ft. The base- 
ment was (in round figures) 32% ft. by 34 ft., or 1105 sq. ft. 
Dimensions less than 6 inches and small offsets can be ig- 
nored as they do not materially influence the final calcula- 
tions. Assume that the basement will be finished. They us- 
ually are; if not finished at the time of original construction, 
they often are finished at a later date. Thus there is a total 
area of 2958 sq. ft. 

There will be a 12-kW range and a 6.9-kW electric dryer. 
(For those who are not familiar with kW, 1 kW is 1000 
watts, and 1 watt is 1 volt times 1 ampere.) 
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General Lighting: 


2958 sq. ft. @ 3 watts per sq. ft. ................ 8874 watts 
Minimum of 2 small appliance circuits @ 

1500 аи per Circuiti к 3000 watts 
Minimum of 1 laundry circuit (2 

ТОО watts... ee C. lr ИША 1500 watts 
Total general lighting load ........................ ..13,374 watts 

From Table 220-4(a): 

2000 watts (2 1007 e ses 3000 watts 
13,374 watts—3000 watts — 10,374 

watts ODA E Же... Е ELE 3631 watts 

6631 watts 

12 kW range (see Table 220-19) ................ 8000 watts 


6.9 kW dryer (no demand factor) or 1007 ....6900 watts 
21,531 watts 


This 21,531 watts next has to be broken down into am- 
peres per phase. A single-phase, 3-wire, 115/230-volt serv- 
ice will be used. Watts divided by volts equals amperes, and 
since this is single-phase 3-wire, the loads should be divided 
so that the amperage in each phase conductor is balanced 


UAM 
115V | 


"NU | 230V 
~ i 
ngn 


=Æ SYMBOL FOR 
A GROUND 


Fig. 7. A single-phase, 3-wire, 115/230-volt service. 
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insofar as possible. Fig. 7 illustrates the voltages present in 
a service of this type, and the two phases are designated by 
the letters A and B, and the neutral or grounded conductor 


by the letter N. Dividing 21,531 watts by 230 volts equals 
93 amperes. 


230-41. Size and Rating. 


(Б) Ungrounded Conductors. Ungrounded conductors 
shall not be smaller than: 


(1) 100 ampere, 3-wire, for a one- family dwelling with 
six or more 2-wire branch circuits. 


It is recommended that a minimum of 100 amperes 3-wire 
service be provided for all individual residences. 


Please note the reference to six 2-wire branch circuits. 
This will be important and discussed later. 

In Calculation No. 1 it was determined there was 93 
amperes per phase. This is within the 100 amperes men- 
tioned in Section 230-41. It would be wise to make the serv- 
ice entrance larger than the 100 amperes so that the service 
size would not have to be enlarged in the near future. 

Some addition to the original calculation, though not 
specifically required, is also suggested. There was no garage 
figured, nor any lights or receptacles for porches or a patio. 
General-purpose outlets are calculated at 1% amperes per 
outlet, and the fan motor on the furnace (if one is present) 


should be included. 


Phase A Phase B 
93.0 amps. 93.0 amps. 
5.2 amps. for fan 4.5 amps. for 3 outlets in garage 
3.0 amps. for outlets on porch (2) 
98.2 amperes 100.5 amperes 
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The calculations just made will now be broken down into 
number and sizes of branch circuits. 

General lighting was 2958 sq. ft. @ 3 watts per sq. ft., or 
8874 watts. These will be 115-volt circuits, so 8874 divided 
by 115 volts equals 77.2 amperes. This would consist of a 
minimum of six 15-ampere circuits or four 20-ampere cir- 
cuits for general lighting including receptacles for general 
purpose. These are the minimum number required, but 
consider adding a few more. There are also a minimum of 
two 20-ampere small appliance circuits (as explained in 
Chapter 2) and one 20-ampere laundry circuit. 

Using the demand factor in Table 220-19 for the 12 kW 
range, 8 kW was indicated. So, 8000 watts divided by 230 
volts equals 35 amperes. Referring to Table 310-16 and 
310-18 of the. NEC shows that this will require a minimum 
of No. 8 copper, or No. 6 aluminum in 60°C wire or No. 8 
aluminum in 75°C wire. It is recommended that wire no 
smaller than No. 6 copper, or the equivalent in aluminum, 
be used. i 

The dryer was rated at 6900 watts, so 6900 divided by 230 
volts equals 30 amps. Мо circuit should be loaded 1002. 
Since 80% loading is a safe figure, and since the loads of 
electric dryers have been increasing, use No. 8 copper or 
the equivalent in aluminum, and a 40-ampere circuit. Notice 
that 230 volts was used on the range and dryer calculations 
because both are 115/230-volt appliances. 

The panel and service equipment will be covered in a 
later chapter covering services. Wire sizes and ampacity 
(ampere carrying capacity) will also be covered in a later 
chapter. 


CALCULATION NO. 2 
The optional calculation (Table 220-30), as shown in 
Chapter 2, will generally be used for homes that have con- 
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siderable electrical equipment in them. However, the first 
example will be calculated on the Optional Basis and then 
the figures will be checked. There was neither electric heat- 
ing or air-cooling, so: 


General Lighting: 
2958 sq. ft. (2 3 watts per'sq. Й. ................. 8774 watts 
2-20 amp. small appliance circuits (2 
код watts each ...............................-........- 3000 watts 
1-20 amp. laundry circuit (2 1500 watts 1500 watts 
1-12 kW range (nameplate rating) ............ 12,000 watts 
1.6.9 kW dryer (nameplate rating) ........ ... 6900 watts 
32,174 watts 
Ist 10 kW of all other load at 100% ............ 10,000 watts 
Remainder of all other load @ 40% 
(ОЛ ЛАЧ Watts) 7088... аа. ... 8870 watts 


18,870 watts 


Dividing 18,870 watts by 230 volts equals 83 amperes. Us- 
ing the first calculation, we obtained 93 amperes, and using 
the optional calculation, we obtain 83 amperes. 


CALCULATION NO. 3 


Optional Calculation— Table 220-30. 

This will be a 2,000 sq. ft. dwelling, exclusive of garage 
and porches, but including the basement. There will be a 
1.2 kW dishwasher, a 1-kW disposal, 10 kW of space heat- 
ing installed in 6 rooms (not a central heating plant) and a 
6-ampere, 230-volt air conditioner (1380 watts divided by 
1000 equals 1.38 kW). Note that the space heating wattage 
is larger than the air conditioner wattage, so the air cooling 
unit will not appear in the following calculations: 
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2000 sq. ft. @ 3 watts per sq. ft. ............ 6000 watts 
2-20 ampere small appliance circuits (a 
IS00 swatts^ sors Lo s 3000 watts 
1-20 ampere laundry circuit (21500 watts .. 1500 watts 
1 128 range (2 ТОФИК .  — — 5062Е 12,000 watts 
1-5 kW water heater (2 100% .................... 5000 watts 
1-1.2 kW wishwasher (2 100% ............... _---- 1200 watts 
1-1.2 kW disposal (2 100% .........................--.. 1000 watts 
10 kW of space heating, divided 
ID GSFOOLDUS Е CES 10,000 watts 
39,700 watts 
list 10 КУЛОО. 10,000 watts 
29700 watts @ 400... om 11,880 watts 


21,880 watts 


Then, 21,880 watts divided by 230 volts equals 96 amperes. 
So this installation will require a minimum service of 100 
amperes. 


CALCULATION NO. 4 


The same figures used in Calculation No. 3 will be used 
here except for 8 kW of central electrical heating, 5 kW 
of air cooling, 2-4 kW wall-mounted ovens, and 1-6.5 kW 
counter-mounted cooking top. 

As in Calculation No. 3, this will be a 2000 sq. ft. dwell- 
ing, including basement but excluding garage and porches. 
There will be 2-4 kW wall-mounted ovens, 1-6.5 kW 
counter-mounted cooking top, 8 kW of central heating, 5 
kW of air cooling, 1-5 kW water heater, 1-1.2 kW dish- 
washer, and 1 kW disposal. The air cooling is larger in 
Calculation No. 3, and the heating is a central plant. Refer- 
ring back to Chapter 2 on Optional Calculations, the air 
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cooling can be ignored since it is smaller than the space 
heating load, and 100% of the central heating load is used 
since central heating does not have the diversity which 6 
rooms on separate thermostats has. Also, there are now two 
ovens and one cooking top instead of a 12 kW range. 


2000 sq. ft. @ 3 watts per sq. ft. 6000 watts 
2-20 amp. small appliances circuits @ 

ИБИ VET 3000 watts 
1-20 amp. laundry circuit @ 1500 watts ... 1500 watts 
сана space heating -= -m 8000 watts 
оо. OMM ИНОЕ None 
2-4 kW wall-mounted ovens ................:........ 8000 watts 
1-6.5 kW counter-mounted cooking top ...... 6500 watts 
1-1.2 kW dishwasher ........................—......- 1200 watts 
ТЕ МИ disposal. а.а... 1000 watts 
1-5 kW water heater ...........................—..... 5000 watts 


40,200 watts 
The 8 kW of central heating is 
subtracted before figuring the 
percentage and then added 
backelater o eai —8000 watts 
32,900 watts 
First 10 kW of the 32,200 watts (2 100% ....10,000 watts 
Remainder of 32,200 watts, or 22.200 
@ 402% ......... NUR eee oo 8880 watts 
Central heating @ 100% .............................. 8000 watts 
26,880 watts 


Dividing 26,880 watts by 230 volts equals 116.8 amperes. 
This will require a service larger than 110 amperes. Sec- 
tion 240-6 lists the next size breaker or fuse (standard 
size) as 125 amperes. It is suggested that at least a 125- 
ampere service and a 125-ampere breaker be used. 
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CALCULATION NO. 5 


Table in Section 220-31 
First 8 kW of load at 100% 
Remainder of load at 40% 


Load calculation shall include lighting at 3 watts per square foot; 
500 watts for each 20 ampere appliance circuit, range or wall-mounted 
oven and counter-mounted cooking unit, and other appliances that are 
permanently connected or fastened in place, at nameplate rating. 

If air conditioning equipment or electric space heating equipment is 
to be installed the following formula shall be applied to determine if the 
existing service is of sufficient size. 

Air conditioning equipment* .................. 5. ж-т 100% 
Central electric space heating? ...................-++++- 100% 

Less than four separately controlled space heating units* .... 100% 
First 8 kW of all other load ............ ег a 100% 
Remainder of all other load 


Other loads shall include: 


1500 watts for each 20-ampere appliance circuit: 

Lighting and portable appliances at 3 watts per sq. ft. 

Household range or wall-mounted oven and counter-mounted cook- 
ing unit. 

All other fixed appliances including four or more separately con- 
trolled space heating units, at nameplate rating. 


eee ee о е э ө ө э ө е ө ө э э э ө ө э ө ө ө ө ө ө а 


*Use larger connected load of air conditioning and space heating, but 
not both. 


This will cover an existing 115/230-volt or 120/208-volt, 
3-wire, 60-ampere service to which an additional load is to 
be added. In this particular calculation, the present loads 
will be ignored and the following figures will be used to 
bring the wiring up to the 1978 NEC standards. 


There are 1500 sq. ft. of finished residential area, a 12 kW 
range and a 3 kW air cooler. 


1500 sq. ft. @ 3 watts per sq. Ж... 4500 watts 
2-20 ampere small appliance circuits @ 
V500 watts... и кш 3000 watts 
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1-20 ampere laundry circuit @ 1500 watts 1500 watts 


INDORE Оаа: tesi cnt 12000 watts 
ИЭ KW air cooler а. 3000 watts 
24,000 watts 


It is now necessary to use 100% of the air cooling 
load, which will leave 21,000 watts of other load; 


A COU а RN 3000 watts 
lst 8 kW of other load ља... 8000 watts 
Balance 21,000 —8000 watts = 

13,000 watts (2 40% .................................. 9200 watts 


16,200 watts 


Dividing 16,200 watts by 230 volts equals 71 amperes. In 
this case, the 60-ampere service will have to be increased 
in ampacity, so refer back to Table 220-11 or 220-30 and 
recalculate the service size. In doing so, it will be necessary 
to increase the service to the 100-ampere minimum. 


MOTOR LOADS 


See Chapter 2 and Section 220.14. 

Where motor loads, air-cooling motors, furnace motors, 
pump motors, disposal motors, etc., are used, 125% of the 
full-load current rating of the largest motor is taken, plus 
1002 of the full-load current rating of the balance of the 
smaller motors, all added to the load for figuring the feeders 
and services. On branch circuits, use 125% of the full-load 
current rating of the motor or motors involved to calculate 
the conductor size for the branch circuit. This is assuming 
only one motor to a branch circuit. If there are two or more 
motors, take 125% of the largest full-load current rating and 
add 100% of the full-load current rating of other motors on 
the same branch circuit. 
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If the motor nameplate is in amperes instead of horse- 
power, use the full-load nameplate rating, but if the rating 
is in horsepower, refer to Table 430-148 of the NEC to ar- 
rive at the amperes. In doing this, make note of whether the 
motors are 115 or 230 volt. The 230-volt motors will be 
added to both phase legs (A and B). If they are 115-volt 
motors, the load will be on one phase leg only and it will 
be necessary to balance the load on both phase legs as 
nearly as possible. Motor loads, except air-cooling and 
furnace motors, do not actually appear too frequently in 
residences. 

It is recommended that reference be made to the Exam- 
ples in Chapter 9 of NFPA 70 (NEC) or NFPA 70A where 
additional examples of calculations will be found to further 
check the method used in calculating. 


CHAPTER 4 


Farm Buildings 


Information on farm buildings appears in Section 220-40 
and 220-41 and on farm services in Section 220-40 of NFPA 
70 (NEC). They do not appear in the ONE AND Two-FaMILy 
DweELuinc Epition, МЕРА 70A. 

Calculations for farm buildings appeared for the first time 
in the 1965 NEC and take into consideration the demand 
factors for farm buildings and services. There are basically 
two types of service installations—the Main Service that 
goes to the dwelling and from which the farm buildings 
are served (see Fig. 8) and the Farm Service Pole from 


METER 
AND 
SERVICE-ENTRANCE 


чий шо] 
DAIRY BARN 


Fig. 8. A typical service installation for farm buildings in which the main service 
connects to the dwelling. 
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which the separate buildings, including the dwelling, are 
served by service drops and/or service laterals. The meter- 
ing for this latter type is on the farm service pole (see Fig. 
9). If wiring the dwelling, the loads in the other buildings 
must be considered in figuring the service equipment if 
the meter is at the dwelling. If a pole is used as the meter- 
ing point, then the sizing of the conductors to the meter 
must be figured. 

Probably the best way to present this is to quote the 
NEC and then follow with a calculation as an example. 


BARN 
SERVICE DROPS AND/OR 


RESIDENCE н SERVICE LATERALS 


~ 2 


DAIRY BARN 


FARM SERVICE 
POLE METER ^ — 


# 


UTILITY SUPPLY 


Fig. 9. A service installation in which the separate buildings are served from a 
service pole. 


Section 220-41. Farm Loads—Total. The total load of the 
farm for service-entrance conductors and service equipment 
shall be computed in accordance with the farm dwelling 
load and demand factors specified in Table 220-41. Where 
there is equipment in two or more farm equipment build- 
ings or for loads having the same function, such loads shall 
be computed in accordance with Table 220-40 and may be 
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combined as a single load in Table 220-41 for computing the 
total load. 

See Section 230-21 for overhead conductors from a pole 
to a building or other structure. 


Table 220-40. Method for Computing 
Farm Loads For Other Than Dwelling Unit 


Ampere Load | Demand Factor 
at 230 Volts Percent 


Loads expected to operate without diversity, but not less 
than 125 Percent full-load current of the largest motor 
and not less than the first 60 amperes of load 

Next 60 amperes of all other loads 

Remainder of all other loads 


Individual Loads 
Computed in Accordance Demand Facto 
with Table 220-40 Percent 


Largest load 
Second largest load 
Third largest load 
Remaining loads 


To this total load, add the load of the farm dwelling com- 
puted in accordance with Part B and C of this Article. 
Note: Computation of dwelling loads was covered earlier. 


EXAMPLE OF A FARM CALCULATION 
This example excludes the farm residence. 


, Load No. 1 (Feed Grinder and Auger) 


5-HP, single-phase, 230-volt motor ............ 28 amperes 
1-HP, single-phase, 230-volt motor ............ 8 amperes 
Load No. 1 Total ................................ 36 amperes 
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Load No. 2 (Milk Barn) 
Computed Load 


Rightin oe a e eu Led 2000 watts 
Water neater. eee 2500 watts 
Total o2 ee eee 4500 watts 
4500 watts divided by 230 volts ........... ....... 20 amperes 
9-HP milker с, ПС 12 amperes 
I-HP/cooletéus па ол E СД ИЕНА 8 amperes 
Air conditioner... eee 15 amperes 
Load No.2 Total... 2.41.2... ee 55 amperes 
Load No. 3 (Chicken House) 
Вуоос Cree Е Бети EM 3000 watts 
Lighting а pales ceps 450 watts 
3450 watts 


Load No. 3 total (3450 watts divided by 
930 volo c Ao m СЕ о 15 amperes 


In these computations, the largest motor is 5 HP rated 
at 28 amperes. This will have to be increased by 25$ of full- 
load current, so it will be 35 amperes. 

The computed load is as follows: 


Load Мо. 0  — n 43 amperes 
Load No:2 сасе ИН 55 amperes 
Load No. 3 с њи. ИН НИМ 15 amperes 

Total .. 499... Жн ИИИ 113 amperes 
First 60 amperes at 100% .............................. 60 amperes 
Next 60 (or less) amperes @ 50% .............. 27 amperes 
Remainder (Ф280. ао UMEN (0) amperes 
Computed load using Table 220-11 ............ 87 amperes 


Thus, the service to supply the farm buildings will not be 
the 113 amperes, but will be 87 amperes. 
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The next example is where there might be a farm service 
pole and service drops to all of the loads including the dwell- 
ing. 

The single-family dwelling has a floor area of 1500 sq. ft. 
exclusive of an unfinished attic and porches. It has a 12-KW 
range. 


Residence computed load (see Sections 220-11 thru 220-19. 
Also refer back to Chapter 3 which covered the computa- 
tions for dwelling occupancies. 


General Lighting Load: 

1500 sq. ft. (2 3 watts per sq. ft. ................ 4500 watts 
Small appliance circuits ................................ 3000 watts 
Eco EMC URE м... 1500 watts 

Total without range .............. s 9000 watts 
3000 watts at 100% eese . 3000 watts 
9000 watts—3000 watts at 35% ...................- 2100 watts 
Net computed load without range ................ 5100 watts 
Range load (see Table 220-19) .................... 8000 watts 
Net computed load with range .................... 13,100 watts 


Load No. 1 total for 115/230-volt, 3-wire system feeders: 


13,100 divided by 230 volts ......................... 57 amperes 
Load No. 2 (Feed Grinder and Auger ) 
5-HP single-phase, 230-volt motor ............ 28 amperes 
1-HP single-phase, 230-volt motor .............. 8 amperes 
Eoad Мо. 2 Totale... emn 36 amperes 
Load No. 3 (Milk Barn) 
ШИШЕ ДАНИРА EM с 2000 watts 
Waten heater ——.——.—.........—...--.........- 2500 watts 
Tiotal sa C CT RENE 4500 watts 
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4500 watts divided by 230 volts .................. 20 amperes 
Ze HP-milker 500 a ee eee 
EHP cooler хо ee Ee 8 amperes 
Air conditioner 0 00 Ое 15 amperes 
Load No 3 Total T.. Не 55 amperes 
Load No. 4 (Chicken House ) 
Brooder о QE 3000 watts 
Lighting со ил юры 450 watts 
Total Кс Е осот. A 3,450 watts 
Load No. 4 (3450 watts divided by 
230 ‘VOUS Е о: о... Ж 15 amperes 
From Table 220-41: 


This load includes the dwelling and is served from a farm 
service pole and service drops to all buildings. 


Largest demand (residence ) 


әй amperes (пой ЕЕ 57 amperes 
Second largest (demand Load No. 3) 
Бо AIG PORES (2 (56. Ест 42 amperes 


Third largest demand (Load No. 2) with 
25% of the 28 amps. for the 5-HP 
motor added—28 + 7 = 35, ora total 


of 43 amperes @ 65% ................................ 28 amperes 
Balance of the demand (Load No. 4) 
15 amperes (акы) кашан 8 amperes 


135 amperes 


The total connected load for the farm would be 170 am- 
peres, but using the demand factors in Section 220-40 and 
41, a service to handle 135 amperes would be installed. Bear 
in mind that this would not allow any expansion for future 
demand. 
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Services (General) 


+ 


The services, service entrance, service equipment, and 
the grounding of services are all extremely important sub- 
jects. In Chapter 2, definitions of the various parts of serv- 
ices were given. Refer to these to refresh your memory as 
only the terminology will be used in this chapter. 

Most inspectors will start any inspection at the service 
point. It is here that clues will be found as to what to expect 
in other portions of the wiring system. It is the service and 
service equipment, plus the grounding, that is the watch- 
dog in the protection of the rest of the wiring system. Here 
will be found the protection against overloads and faults, 
and grounding for the protection of the system from shocks, 
lightning, breakdown of the supply transformer windings, 
etc. 

First, consider the ampacity of the service in its entirety. 
The calculations involved for services were covered in 
Chapter 2, while examples were given in Chapter 3. In ad- 
dition, Chapter 9 of the NEC has additional samples. 


Section 230-23 of the NEC (Minimum Size of Service 
Drop Conductors) states: Conductors shall have sufficient 
ampacity to carry the load. They shall have adequate me- 
chanical strength and shall not be smaller that No. 8 copper 
or No. 6 aluminum or copper-clad aluminum. An exception 
is included, but is not pertinent to this discussion. 


45 


SERVICES (GENERAL ) 


Section 230-31 of the NEC (Size of Underground Serv- 
ice conductors) states: Conductors shall have sufficient am- 
pacity to carry the load. They shall not be smaller than No. 
8 copper or No. 6 aluminum or copper-clad aluminum. Again 
an exception is listed that is not pertinent to this discussion. 


In Section 230-41 is found a pertinent exception: Excep- 
tion No. 1. For single-family residences with an initial load 
of 10 kW or more computed in accordance with Article 220, 
or if the initial installation has more than six 2-wire branch 
circuits, the service-entrance conductors shall have an am- 
pacity of not less than 100 amperes 3-wire. 


These Sections, especially Section 230-41, tell us a great 
deal. In broad terms they indicate that a 100-ampere service 
is the minimum permitted for a single-family residence. Note 
the word minimum. Many larger services are required, as 
in large residences and in electrically heated residences. 
Also remember that, when considering the NEC, minimum 
requirements are always discussed. I am often told that 
the utilities usually find residential demands much less than 
Code requirements. This no doubt is true, but just what is 
our responsibility as inspectors and yours as wiremen, and 
what is the responsibility of the NEC? Wiring is not in- 
stalled just for today, but for anticipated future needs. 

An interesting case was recently encountered where the 
home owner requested a 150-ampere service. By calculations, 
however, a 100-ampere service would have sufficed. The 
utility furnished overcurrent protection of only 70 amperes 
on the meter pole. The wireman was extremely concerned 
as to why only 70-ampere protection was provided for the 
150-ampere service. He really needn’t have been concerned 
as the utility owned and maintained all the equipment on 
the meter pole, and under Section 90-2(b) of the NEC, this 
part was exempted from the Code. Why the concern—the 
customer ordered a 150-ampere service and got it. If the 70- 
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ampere overcurrent protection on the meter pole was in- 
adequate, the utility would supply whatever might be 
needed at their expense. In the meantime, the customer's 
home was wired adequately for many years to come. 

Be sure that the service size meets the requirements of 
Article 220 with a 100-ampere ampacity (or larger if the cal- 
culations require a larger service ). 

For single copper conductor service drops in free air, use 
Table 310-17. For aluminium conductors, use Table 310-19. 
Note that the ampacities in these two tables are greater 
than those in Tables 310-16 and 310-18. This is because of 
the greater heat dissipation in free air. 

Note 3, accompanying Tables 310-16 through 310-19, 
gives alternate ratings for service-entrance conductors. 

3. Three-Wire, Single-Phase Residential Service. In a 
residential occupancy conductors, as listed below, shall be 
permitted. to be utilized as three-wire, single-phase, service- 
entrance conductors and the three-wire, single-phase feeder 
that carries the total current supplied by that service. 


Conductor Types and Sizes 
RH-RHH-RHW-THW-THWN-THHN-XHHW 


Aluminum and Service 
Copper-Clad AL Rating in Amperes 


SERVICE-ENTRANCE LOCATION 


Where should the service entrance and service equip- 
ment be located? This is sometimes quite an involved prob- 


lem, but not in all cases. 
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First of all, the serving utility is concerned as to which 
portion of the residence a service drop is to be installed. 
Service laterals do not seem to cause as much of a problem 
since they do not have to run in a direct line. 


According to the NEC: 


Section 230-72(c and d). Location. The disconnecting 
means shall be located at a readily accessible point nearest 
to the entrance of the conductors, either inside or outside 
the building or structure. Sufficient access and working 
space shall be provided about the disconnecting means. 


Section 230-44. Conductors Considered Outside Building. 
Conductors placed under at least two inches of concrete be- 
neath a building, or conductors within a building in conduit 
or duct and enclosed by concrete or brick not less than two 
inches thick shall be considered outside the building. 

Consider all of the preceding items when locating the 
service-entrance and the service equipment. 

Inspection authorities differ on the length of the service- 
entrance conductors to the service equipment. Check with 
the local authority having jurisdiction. Refer to Section 
230-72(c). This section states a great deal in very few 
words. What does the statement it shall be readily accessible, 
mean? To me it indicates that the disconnecting means 
shall not be in a bedroom, bathroom, dish cupboard, etc., 
and I will not accept a disconnect in the basement unless 
there is a ground-level exit. The disconnecting means is an 
emergency item and I am certain that a basement would 
be the last place I would wish to go in the event of a fire. 
Bedrooms and bathrooms are private rooms, and the bath- 
room has grounded items in addition to the steam and 
moisture present which could create a hazard. The NEC 
also states that panelboards shall not be located near com- 


48 


SERVICES (GENERAL) 


bustibles. I interpret this to mean they cannot be located 
in clothes closets and dust-mop closets. 

Take note of the statement, point nearest the entrance of 
the conductors. Here the inspector must use his powers of 
interpretation as granted in Section 90-4. To me this means 
not to exceed approximately 15 feet. Even 15 feet might be 
too far in some cases. І will often require overcurrent 
protection at the outer end. If in doubt, check with the 
authority having jurisdiction. 

Sufficient access and working space shall be provided 
about the disconnecting means. Basically, this means that 
clearance must be provided so that an electrician does not 
have to lean across a washer, dryer, or other appliance in 
working on the equipment, or have to use a ladder or chair, 
or have any obstruction in his way when working on the 
panel. 

Section 230-90 states that the service-entrance conductors 
shall be the same ampacity as the main or larger. Section 
384-16(a), Exception 2 states that a split-bus panel might 
be used in residences. 


INSTALLATION OF SERVICE DROPS 


If a service drop is used, check the point of attachment. 
Make sure that all requirements of Section 230-24 in the 


NEC are met. 


Section 230-24. Clearance of Service Drops. Service-drop 
conductors shall not be readily accessible and when not in 
excess of 600 volts, shall conform to the following : 


(a) Clearance Over Roof. Conductors shall have a clear- 
ance of not less than 8 ft. from the highest point of roofs 
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————— 


8FT. 
MINIMUM SERVICE DROP 
SLOPE OF ROOF 


LESS THAN 4" IN FT. — 


Fig. 10. Clearance of conductors passing over roofs must conform to Code rulings. 


over which they pass with the following exceptions: (See 
Fig. 10.) 


Exception No. 1. Where the voltage between conductors 
does not exceed 300 and the roof has a slope of not less 


SERVICE DROP 


NOT OVER 
300 VOLTS 
TP BETWEEN 
4' CONDUCTORS 


Fig. 11. Clearance of conductors passing over roofs are governed by voltage and 
by the roof slope. 

than 4 inches in 12 inches the clearance may be not less 

than 3 feet. (See Fig. 11.) 
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Exception No. 2. Service-drop conductors of 300 volts or 
less which do not pass over other than a maximum of 4 
feet of the overhang portion of the roof for the purpose of 
terminating at a (through-the-roof) service raceway or ap- 
proved support may be maintained at a minimum of 18 
inches from any portion of the roof over which they pass. 
(See Fig. 12.) . 


(b) Clearance from Ground. This is covered in Section 
230-24(b) of the NEC. The Section will not be copied 
here but is shown by Fig. 13. 


THROUGH-ROOF MAST 


18 INCHES 
MINIMUM 


Fig. 12. Conductors passing over a 
portion of a roof and terminating at 
a through-the-roof service raceway 
have different clearance requirements. 


(c) Clearance From Building Openings. This is covered 
by Section 230-24(c) of the NEC. The intent is shown in 
Fig. 14. 

If a mast is required for clearances, refer to Section 
230-28 of the NEC. This mast shall be strong enough to sup- 
port the service drop in sleet storms, high winds, etc., or 
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12 FT. MIN. 


10 FT. MIN. 


SIDEWALK PRIVATE DRIVE ALLEY OR STREET 


Fig. 13. Minimum service-drop clearance. 


ABOVE 
WINDOW 1S 
CONSIDERED 
OUT OF REACH 


Fig. 14. Minimum service-drop clearance around building operangs. 


will require guying. In my inspection area, no smaller than 
2-inch rigid galvanized conduit is accepted, and guying as in 
the judgment of the inspector is required. See Fig. 15. 


INSTALLATION OF SERVICE LATERALS 


Service laterals may be direct-burial conductors or cable, 
or may be in approved raceways. Refer to Section 230-49. 
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230-30. Insulation. Service lateral conductors shall be 
insulated for the applied voltage. 
Exception: A grounded conductor may be: 

(1) Bare copper in a raceway. 

(2) Bare copper for direct burial where bare copper 
is judged to be suitable for the soil conditions. 

(3) Bare copper for direct burial without regard to 
soil conditions where part of an approved cable 
assembly with a moisture- and fungus-resistant 
outer covering. 

(4) Aluminum or copper-clad aluminum without in- 
dividual insulation or covering used in a raceway 
or for direct burial when a part of a cable assembly 
approved for the purpose and having a moisture- 
and fungus-resistant outer covering. 


GUY MAY BE 
REQUIRED 
TY 
RIGID SERVICE 
~ = DROP 
SS ROOF JACK 


Ss 


Fig. 15. Mast installation for proper МАУ 


service-drop height. & CLAMPS 


—— 
1 GROUND 


Take note of the bare copper for direct burial, but also 
take note of the fact that the soil conditions must be 
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judged suitable and this judging is up to the authority 
having jurisdiction, as provided in Section 90-4. 

Approved raceways may be used. This could be duct, 
nonmetallic conduit, or rigid galvanized conduit (provided 
the galvanizing is approved by the authority having juris- 
diction). Most authorities will require additional corrosion 
protection over the galvanizing, as outlined in Section 346-1. 
UNDERWRITER 5 LABORATORIES have conducted tests on the 
corrosion of galvanized conduits, and have established stan- 
dards based on the ohms-per-centimeter resistivity. Since this 
test requires special testing equipment, most authorities will 
insist on additional corrosion protection. The service laterals 
may be installed in these approved raceways, but the in- 
sulation of the conductors shall meet the requirements of 


METALLIC RACEWAY TO A 
MINIMUM HEIGHT OF 8 FEET 


INSULATED 
BUSHING 


bo 24" 
MINIMUM 


CONDUIT 
74 


BUSHING Г : 
– 


Fig. 16. Mechanical protection for underground service conductors are required 
where they enter a building or leave the ground to go up a pole. 
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Section 310-7 (Wet Locations) Types RUW, RHW, TW, 
THW, THWN, XHHW,, lead-covered, etc., may be installed. 

For direct burial, the conductors shall be Type USE 
buried a minimum of 24 inches deep. The authority enforc- 
ing the Code may require supplemental mechanical pro- 
tection, such as a covering board, concrete pad, or raceway. 
In rocky soil, and more especially where frost is prevalent, 
the inspection authority will usually require a fine sand 
bed with a fine sand covering under and over the con- 
ductors. Rocks subjected to frost heave will cause damage 
to the insulation. 

Mechanical protection is also required where entering the 
building or when leaving the ground to go up a pole. See 
Fig. 16. and Section 230-50. 

Raceway sealing is required at the building to prevent the 
entrance of moisture and/or gases. Duct seal may be used. 
Service-lateral conductors shall be without splice, but where 
they enter the building they cease to be service-lateral con- 

ductors and become service-entrance conductors, so a splice 
is permitted at that point. See Fig. 17. 
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Fig. 17. A splice in an underground system. 
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SERVICE ENTRANCES AND EQUIPMENT 


A portion of this subject was covered earlier in the chapter 
as it is practically impossible to separate service drops from 
service laterals. Figs. 12 and 15 showed service masts and 
the conductors from the tap to the service drop, on down 
to the meter. From this point to the service equipment are 
the service-entrance conductors. 

Section 230-46 tells us that service-entrance conductors 
shall be without splice, but it is known that these conduc- 
tors will, by necessity, have to be broken in the meter box, 
a subject covered by Exception No. 1 which permits clamped 
or bolted connections in meter housings. 

Fig. 15 shows service entrances other than a mast type. 
Where the proper height can be obtained without a mast 


? 


SERVICE 
EQUIPMENT 


MAIN 
DISCONNECT 


COMMON GROUNDING 
ELECTRODE 
fig. 18. A typicat service installation. 
as shown in Fig. 13, such ап installation may be used. This 
might be service-entrance cable (Article 338), rigid con- 
duit (Article 346), or electrical metallic tubing (Article 
348), provided watertight fittings are used. 
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The service-entrance conductors extend from poiut A in 
Fig. 18 to the line side of the main disconnecting means in 
the service equipment. Notice that the service-entrance 
head (B) is higher than the point of attachment of the 
service drop. This is covered in Section 230-54 ( Connections 
at Service Head). If it is not possible to install the service 
head higher than the point of attachment, there are other 
alternatives. However, the basis of all this is to keep water 
from running into the service raceway and equipment. 
Notice the drip loop (D) for this purpose. I often suggest 
a very small notch in the insulation at the bottom of the 
drip loop. This will break the syphoning effect. The newer 
plastic insulations do not adhere to the conductors as the 
old type rubber insulation did, and this creates syphon 
effects. 

Some utilities will require more than the minimum 10 


feet tor the point of attachment allowed bv the Code. For 


METALLIC 
RACEWAY, 


OR 

4-WIRE CABLE 
WITH 
INSULATED 
NEUTRAL 


(TYPE "ROMAIN 
DISCONNECT 


BRANCH- 
CIRCUIT 
FEEDER 
PANEL 
IN HOUSE 


INSULATE (1 SOLATE) 


NEUTRAL AND NEUTRAL 
BUS FROM ENCLOSURE 
un s IN FEEDER PANELS 
COMMON 
GROUNDING 
ELECTRODE 


Fig. 19. Proper installation of a raintight disconnect on the outside of a house. 
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instance, one utility in mv arca requires a minimum of 12 
feet for the point of attachment. 

How high should the meter housing be installed? This 
depends upon the utility requirements, but in most cases it 
will not be less than 5 feet nor more than 6 feet high. 

Basically, service equipment is defined as the circuit 
breakers, fuses, or switches and their accessories to be used 
as a main discomect to the residence. In the early portion 
of this book, a farm service pole was shown. If there is an 
overcurrent device mounted with the meter on this pole, 
this device is purely an overcurrent device and cannot be 
termed the main disconnect. Section 230-72(c) states that 
it shall be on the inside or outside of the building or struc- 
ture at the closest point of entrance of the conductors. In 
the majority of cases, the main disconnect for a residence 
will be in an enclosure along with the branch circuit break- 
ers or fuses. Remember that, in Section 384-16, split-bus 
panels are permitted to be used in residences. 

A raintight main disconnect (RO) may be installed on the 
outside of the house to serve as the main disconnect, with a 
feeder circuit from this main to a branch-circuit panel in 
the house. If this is the case, the conductors from the main 
to the branch-circuit panel are feeders and shall have an 
ampacity equal to or larger than the main disconnect. Also, 
an equipment ground conductor from the main to the 
branch circuit is required, with the neutral insulated from 
the enclosure of the branch-circuit panel. This equip- 
ment grounding conductor may be a metal raceway (conduit 
or EMT), or if the feeder is a cable, this cable shall have an 
insulated neutral, two phase conductors, and an equipment 
grounding conductor. See Fig. 19. 

The branch-circuit panel buses shall have an ampacity 
equal to or greater than the rating of the main disconnect 
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breaker, switch, or fuses. If the branch-circuit buses of 
a feeder panel are not of this capacity, then a main breaker 
shall be installed to protect the buses. The only place 
you might run into this in a residence is where there are two 
or more feeder panels. See Section 384-16. 

There is nothing in the Code prohibiting the installation 
of a branch-circuit panel with a main disconnect or a split- 
bus panel on the outside of the тех: Јепсе, provided а rain- 
tight enclosure is used (RO). See Figs. 19 and 20. 

Recall that Section 230-41(b) (1), Exception No. 1 states: 
if the initial installation has more than six 2-wire circuits, 
the service-entrance conductors shall have an ampacity of 
not less than 100 amperes 3-wire. 

It should be mentioned here that white-colored conduc- 
tors shall never be used for phase conductors—neither may 
they be marked with some other color. Tliey are to be used 


MAIN DISCONNECT AND 
BRANCH-CIRCUIT PANEL 


(ТҮРЕ "RO" ) MOUNTED 
OUTSIDE 
OF HOUSE 


COMMON GROUNDING 
ELECTRODE 


Fig. 20. Installation of a branch-circuit panel and main disconnect on the outside 
of a house. 
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strictly as the grounded conductor (neutral). This applies 
to natural gray color as well. However, Section 200-6 permits 
insulated conductors larger than No. 6, other than white or 
natural gray, to be used as the grounded conductor (neu- 
tral), provided they are plainly identified at the termina- 


tions with white at the time of installation. 
There are some utilities that require one meter for the 


residence proper and one for the water heater, with an off- 
peak time clock and a different rate structure. While Sec- 
tion 373-8 is not applicable to utilities or to meter housings 
owned by the utility, you will no doubt find that they will 
require the same tvpe of installation as the Code requires. 
See Fig. 21. 

373-8. Enclosures for Switches or Overcurrent Devices. 
Enclosures for switches or overcurrent devices shall not be 
used as junction boxes, auxiliary gutters or raceways for 
conductors feeding through or tapping off to other switches 
or overcurrent devices. 

Notice that nothing is mentioned about meter enclosures, 
but you will no doubt be required to install housings as 
shown in Fig. 21. 


GROUNDING OF SERVICES 


Grounding is covered by Article 250 of the NEC, and in 
covering this portion of services, we should become familiar 
with the terminology and definitions pertaining to grounds. 
See Definitions in Article 100. 


Ground: A ground is a conducting connection, 
whether intentional or accidental, between an electrical 
circuit or equipment and earth, or to some conducting 
body which serves in place of the earth. 
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AUXILIARY GUTTER 


BONDING 
BUSHINGS 


METER METER 
WATER HEATER 


Fig. 21. Some utilities require a separate meter for a water heater. 


Grounded Conductor: A system or circuit conductor 
which is intentionally grounded. This would be what we 
term the neutral. Residences are wired with 115/230 
volts or 120/208 volts. See Fig. 22. 


PHASE A 
115 VOLTS | 
NEUTRAL 230 
VOLTS 
115 VOLTS = N SYMBOL 
PHASE B FOR GROUND 


Fig. 22. A 115/230-volt, single-phase, 3-wire system. 


Grounding Conductor: A conductor used to connect 
equipment or the grounded circuit of a wiring system 
to a grounding electrode or electrodes. 
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Grounding Electrode Conductor. The conductor used 
to connect the grounding electrode to the equipment 
grounding conductor and/or to the grounded conduc- 
tor of the circuit at the service. 

Grounding of services, as previously stated, is very impor- 
tant and must be done properly. Different situations will be 
covered to give examples of various problems which might 
be encountered. 

In order to summarize, Section 250-51 (Effective Ground- 
ing) will be broken down here. 


The path to ground from circuits, equipment, and con- 
ductor enclosures shall 

(1) be permanent and continuous and 

(2) shall have ample carrying capacity to conduct safely 
any currents liable to be imposed on it, and 


SERVICE 
EQUIPMENT 


MADE ELECTRODE 
BOND TO WATER PIPE 


APPROVED 
GROUND CLAMP 


PLASTIC 
WATER PIPE 


Fig. 23. Approved method of grounding a wiring system. 
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(3) shall have impedance sufficiently low to limit the po- 
tential above ground and to facilitate the operation of the 
overcurrent devices in the circuit. 

Part (3) is often ignored, probably because of the word 
impedance. Impedance is AC resistance. Section 110-10 in 
the NEC emphasizes its importance. Fault currents available 
are constantly increasing in amplitude. This refers to phase- 
to-phase faults, phase-to-ground faults, and to both bolted 
and arcing faults. Part (3) points out to be ever mindful of 
impedances in connection with grounding, and to keep these 
impedances as low as possible. 


Section 250-23. Grounding Connections for Alternating- 
Current Systems. The grounding conductor (common main 
grounding connector) of a wiring system shall also be used 
to ground equipment, conduit, and the supply side of the 
disconnecting means. This is done so that when the discon- 
necting means is opened, the grounded conductor will not 
be opened, which would interrupt the grounding on the sys- 
tem. On a service of high capacity, it is recommended that 
the grounding conductor be connected within the service- 
entrance equipment. Personally, I find it should always be 
connected within the service equipment regardless of ca- 


TELEPHONE AND ANTENNA GROUNDS 
SHALL NEVER COME INTO THE 
SERVICE SERVICE EQUIPMENT 


EQUIPMENT 


THEY MAY BE CONNECTED TO THE 
COMMON GROUNDING ELECTRODE 


Fig. 24. Proper method of grounding telephones and antennas. 
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pacity. This is my preference in order that service work 
might be more readily performed. If the grounding con- 
nection is within the meter housing, it is not always avail- 
able to the electrician who is doing the service work. See 
Fig. 23. 

There have been occasions where the telephone ground- 
ing conductor or an antenna ground was run into the 
service equipment. This should never be permitted. It is 
proper to tie them to the same common grounding elec- 
trode, but they should never be in the same enclosure. See 
Fig. 24. 


GROUNDING ELECTRODE 


This portion of the Code is the basis and requirements for 
a properly installed grounding system. Great care should 
be taken to thoroughly understand the contents of this 
portion of the book and to adhere to the installation of 
the grounding system as required by the NEC. Article 250 is 
constantly changing as better grounding methods become 
known. 

It should be stated at this point that if the common ground- 
ing conductor is connected into the meter housing, or for 
that matter into the service equipment, be careful to note 
that there shall not be an aluminum service-entrance con- 
ductor and a common grounding conductor under the same 
lug. The restrictions put on the use of aluminum for a com- 
mon grounding conductor rules it out, so copper must be 
used. If the copper conductor and the aluminum con- 
ductor are in the same connector, the copper will cause elec- 
trolysis on the aluminum conductor and make a high-resis- 
tance connection. See Fig. 25. 
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METER HOUSING 


NEVER INSTALL ALUMINUM 
AND COPPER CONDUCTORS 
IN SAME LUG OR CONNECTOR 


Fig. 25. Aluminum and copper conductors must not be fastened together with the 
same connector. > 


H. Grounding Electrodes 


This part of Article 250 is the basis for the proper con- 
struction of a grounded system. Great care should be taken 
to thoroughly understand the contents of this part, and to 
adhere to the installation as required by the Code. 


250-81. Water Pipe. A buried metallic underground water- 
supply system shall always be used as the grounding elec- 
trode wherever there are 10 feet or more of buried pipe, in- 
cluding any well casing that is bonded to the system. If 
there is a chance that the piping system will be disconnected, 
or that an insulated coupling is or will be installed, or the 
possibility that nonmetallic water piping might be installed 
at a later date, the pipe electrode shall be supplemented by 
one or more made electrodes bonded to the piping. See 
Figs. 26, 27 and 28. 

Section 250-81(a) now requires that a metal underground 
water pipe shall be supplemented by an additional electrode 
of a type specified in Section 250-81 or in Section 250-83. 
See Figure No. 26. 
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SERVICE EQUIPMENT 
METER HOUSING 


EMT OR CONDUIT 


BOND TO COLD COLD-WATER 
WATER PIPE PIPE (METALLIC) 
(SEC, 250-81) 


MADE E 
M USE 2 CLAMPS 


ELECTRODE | 
V 


Fig. 26. Interior cold-water piping bonded to the grounding electrode. 


A new addition to the 1965 NEC was that an interior me- 
talic cold-water piping system shall always be bonded to the 
one or more grounding electrodes. Note that the electrical 
wiring system should be adequately grounded without de- 
pending on the outside piping system. This means that sup- 
plementing the water piping svstem with made electrodes 
is advised. Additional safetv mav be gained bv bonding the 
grounding electrode to the gas, sewer, and hot water pip- 
ing, and to metallic air ducts within the building. 


250-81. Grounding Electrode Systems. In addition to the 
underground metallic pipe system, it shall be supplemented 
by, or if the metallic underground metallic water pipe sys- 
tem is not available, the following may be used: 
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COMMON GROUNDING 
CONDUCTOR 


APPROVED CLAMP GROUND 


10 FT. OR MORE 
OF BURIED 
METALLIC 
WATER PIPE 


Fig. 27. Buried metallic water pipe used as a grounding electrode. 


COMMON 
GROUNDING 
CONDUCTOR 


APPROVED 
GROUND 


METALLIC WATER PIPE 
BURIED IN EARTH 


WELL CASING 
(METALLIC) 


Fig. 28. Buried metallic water pipe bonded to a well casing and used as a 
grounding electrode. 


(b) The metal frames of buildings that are effectively 
grounded. 

(c) An electrode encased by at least 2 inches of concrete, 
located within and near the bottom of a concrete foundation 
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or footing that is in direct contact with the earth, consist- 
ing of a least 20 feet of one or more steel reinforcing bars 
or rods of not less than % inch in diameter, or consisting of 
at least 20 feet of bare solid copper conductor not smaller 
than No. 4 AWG. 


(d) A ground ring encircling the building or structure in 
direct contact with the earth at a depth below earth surface 
not less than 2% feet, consisting of at least 20 feet of bare 
copper conductor not smaller than No. 2 AWG. 


LEAVE LONG ENOUGH TO REACH 
SERVICE EQUIPMENT 


e 8e, 


== — MM M 
20 FT. MIN. OF NO. 4 
IN CONTACT WITH EARTH, OR LARGER COPPER 


CONCRETE FOOTING, OR FOUNDATION 


Fig. 29. Bare copper wire encased in concrete and used as a grounding electrode. 


250-83. Made and Other Electrodes. Where none of the 
electrodes specified in Section 250-81 is available, one or 
more of the electrodes specified in (a) through (d) below shall 
be used. Where practicable, made electrodes shall be em- 
bedded below permanent moisture level. Made electrodes 
Shall be free from nonconductive coatings, such as paint 
or enamel. Where more than one electrode system is used 
(including those used. for lightning rods), each electrode of 
one system shall not be less than 6 feet from any other 


electrode of another system. 


Two or more electrodes that are effectively bonded together are to be 
treated as a single electrode system in this sense. 
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• Pi Na. d 
D aget. e, 
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1' LONG 


FOOTING 
EXCAVATION 


Fig. 30. Using rebars to improve the grounding effectiveness of a copper wire 
encased in a concrete footing or foundation. 


(a) An electrically continuous metal underground. gas piping 
system that is uninterrupted with insulating sections or joints and 
without an outer nonconductive coating, and. then only if ac- 
ceptable to and expressly permitted by both the serving gas sup- 
plier and the authority having jurisdiction. 

(b) Other local metal underground systems or structures, such 
as piping systems and underground tanks. 

(c) Rod and Pipe Electrodes. Rod and pipe electrodes shall 
not be less than 8 feet in length and shall consist of the follow- 
ing materials, and. shall be installed in the following manner: 

(1) Electrodes of pipe or conduit shall not be smaller than 
% inch trade size and, where of iron or steel, shall have the outer 
surface galvanized or otherwise metal-coated for corrosion pro- 
tection. 

(2) Electrodes of rods of steel or iron shall be at least % inch 
in diameter. Nonferrous rods or their equivalent shall be listed 
and be not less than %-inch in diameter. 
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(3) Where rock bottom is not encountered, the electrode 
shall be driven to a depth of 8-feet. Where rock bottom is en- 
countered at a depth of less than 4-feet, electrodes not less than 
8-feet long shall be buried in a trench. 

(d) Plate Electrodes. Each plate electrode shall expose not 
less than 2 square feet of surface to exterior soil. Electrodes of 
iron or steel plates shall be at least 4 inch in thickness. Electrodes 


of nonferrous metal shall be at least 0.06 inch in thickness. 
Each electrode shall be separated by at least 6 feet from 


other electrodes used for signal circuits, radio, lightning 
rods, television, and other purposes. Although not in the 
Code, it is considered good practice to bond the electrodes 
together. In fact, many problems will be solved by doing 
this. 


250-84, Resistance. Made electrodes shall have a resistance 
to ground of 25 ohms or less, wherever practicable. When 
the resistance is greater than 25 ohms, two or more elec- 
trodes may be connected in parallel or extended to a greater 
length. The Code cannot go into the mechanics of ground- 
ing, but good practice indicates that the electrode has a 
lower resistance when driven some distance from a founda- 
tion into undisturbed soil where the earth will put pressure 
on the driven electrode. 

Water piping usually has a resistance of 3 ohms or less. 
Metal frames of buildings often make a good ground, espec- 
ially where they contact rebar in the concrete, and usually 
have a resistance of less than 25 ohms. As was pointed out 
in Section 250-82(a), the metal frame of a building (when 
effectively grounded) mav be used as the ground. Local 
metallic water systems and well casings also make good 
grounds in most cases. One might wonder why metal frames 
are covered in dealing with residences, but there is a trend 
to new types of residential construction, and one of these 
uses metal studs. 
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Grounding, when made electrodes are used, сап be greatly 
improved by the use of chemicals such as magnesium sulfate, 


COVER 
WITH HOLES 


APPROXIMATELY 
8 INCHES r- 


APPROXIMATELY р 
9 INCHES THICK NE: 
AND 1 FT. DEEP 


CHEMICAL 
Fig. 31. Adding chemicals to the soil to lower its ground resistance. 


copper sulfate, or rock salt. A doughnut-type hole may be 
dug around the ground rod into which the chemicals are 
put. Another method is to bury a tile close to the rod and 
fill the tile with the chemical. Rain and snow will disolve 
the chemicals and allow them to penetrate the soil, lower- 
ing its resistance. See Fig. 31. 

The NEC recommends that the resistance of the 
grounds be tested periodically after installation. This is 
rarely done. In fact, it is practically never done even at the 
time of installation, except by utility companies who realize 
the importance of an adequate ground. The testing of 
grounds is a mystery to many electricians. Never attempt to 
use a common ohmmeter for the testing-the readings obtained 
are apt to be most anything due to stray AC or DC currents 
in the soil or due to DC currents set up by electrolysis in 
the soil. There are many measuring devices on the market, 
such as the grounding МЕССЕК (trade mark of the James 
G. Biddle Co.), battery-operated ground testers that use 


71 


SERVICES (GENERAL } 

vibrators to produce pulsating AC current, etc. In recent 
years, a transistor-type ground tester has appeared on the 
market. 

An example of what might be expected bv paralleling 
ground rods is as follows (these figures are general and 
should not be taken as the results in every case): Two rods 
in parallel, with a 5 ft. spacing between them, will reduce 
the resistance to about 65% of what one rod’ would be. Three 
rods parallel with the same spacing will reduce the resis- 
tance to about 42%, while four rods paralleled will reduce 
the resistance to about 307. 


J. Grounding Conductors 


250-91. Material. The material for grounding conductors 
shall be as follows: 


(a) For System or Common Grounding Conductors. 
(1) Copper or other corrosive-resistant materials. 
) Solid or stranded. 

(3) Insulated or bare. 

) Without splice or joints, except in the case of bus 
bars. 

(5) Electrical resistance per foot (linear) shall not ex- 
ceed that of the allowable copper conductors that 
might be used for this purpose. Thus, if aluminum 
(in cases where permissible) is used, the conduc- 
tor will have to be larger than copper would be 
for the same purpose. 


(b) For Conductor Enclosures and Equipment Only. The 
grounding conductor for equipment, conduit, and other 
metal raceways or conductor enclosures may be: 


(1) Copper or other corrosive-resistant material. 
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(2) Bus bar, rigid conduit, steel pipe, EMT, or the 
armor of AC metal-clad cable. Intermediate metal 
conduit. 


(3) Stranded or solid. 
(4) Joints of conduit must be made up wrench tight, 
not plier tight. 


It is well to state at this point that where there is 10 ft. 
or more of buried metallic water piping used as the common 
grounding electrode (Section 250-81), and where a water 
meter is present, it will be required to either connect the 
common grounding conductor on the street side of the water 


meter, or if connected on the house side, the water meter 
will have to be bonded. See Section 250-80, this will no 


PN 
IF GROUNDING IS ON 
STREET SIDE OF WATER 
METER AND VALVE, 


v, / BONDING WILL NOT BE 
« REQUIRED. 
\ 
М. IF GROUNDING IS 
*QN HOUSE SIDE OF 
WATER METER, ЕТС., 


BOND METER, VALVES, 
UNIONS, ETC. 
м 


r 


MADE ELECTRODE ALSO 
REQUIRED 


Fig. 32. Proper bonding of a water meter. 
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doubt be interpreted to mean valves, unions, etc. See 
Fig. 32. 


250-92. Installation. Grounding conductors shall be in- 
stalled as follows: 


(a) System or Common Grounding Conductor. No. 4 or 
larger conductors may be attached to the surface—knobs or 
insulators are not required. Mechanical protection will be 
required only where the conductor is subject to severe 
physical damage. No. 6 grounding conductors may be run 
on the surface of a building if protected from physical dam- 
age and rigidly stapled to the building structure. Grounding 
conductors smaller than No. 6 shall be in conduit, EMT, or 
armor. One might just as well forget No. 8 copper as a 


SERVICE 
EQUIPMENT 


Fig. 33. Conduit or armor used to protect the grounding wire shall be bonded to 
the grounding electrode and to the service-entrance equipment. 
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common grounding conductor unless it is run in a race- 
way. 

The metallic enclosures for the grounding conductor shall 
be continuous from the cabinet to the grounding electrode 
and shall be attached at both ends by approved methods. 
See Fig. 33. If the conduit, etc., is used. for protection pur- 
poses only, then the common grounding conductor shall be 
bonded to the metalic raceway at one or both ends as re- 
quired. See Fig. 34. Caution: Do not confuse the common 
grounding conductor that we are discussing here with the 
equipment grounding conductors. 

Due to corrosion, aluminum grounding conductors shall 
not be placed in direct contact with masonry, earth, or 
other corrosive materials. Also, where aluminum grounding 


SERVICE EQUIPMENT 


CONDUIT CONNECTED TO SERVICE EQUIPMENT 


CONDUIT, EMT, 
OR ARMOR 


CONDUIT 
AND 
CONDUCTOR 
CONNECTED TO WATER PIPE 
AND/OR MADE ELECTRODE 


Fig. 34. Where the conduit or armor is used for protection only, the common 
grounding conductor shall be bonded to the metallic raceway at one or both ends, 
as required. 
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conductors are used, they shall not be closer than 18 inches 
to the earth. Please note that this does not prohibit the use 
of aluminum grounding conductors, but the restrictions 
placed upon its use will practically eliminate its use, since 
it is not to be spliced. 

Table 250-94 is used for sizing of the common ground- 
ing conductors in grounded systems. This will cover resi- 
dential wiring. 


K. Grounding Conductor Connections 


250-111. To Raceway or Cable Armor. Care shall be taken 
to ground raceways or cable armor or interior wiring by 
connecting to grounding conductors as near as possible to 
the source of supply. Also, the grounding conductor shall 
be chosen so that no raceway or cable armor is grounded 
by a grounding conductor smaller than that required by 
Table 250-95. Refer to the NEC for this Table. 

250-112. To Electrode. The grounding connection to the 
electrode shall be located as follows: 

(a) To Water pipes. System or common grounding con- 
ductors shall be attached to water pipes: 

(1) On the street side of the water meter. 

(2) To a cold water pipe of adequate current-carry- 

ing capacitv. 

(3) As near as possible to the entrance of the water 
supply into the building. 

(4) If not on the street side of the water meter, the 
meter shall be adequately bonded and the bonding 
jumper shall be long enough so that the water 
meter can be removed without disturbing the 
jumper. See Fig. 32. 

(5) Care must be taken to place grounding conduc- 
tors on the street or supplv side of insulated coup- 
lings, unions, valves, etc. 
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(6) Attachment to water pipes shall be accessible if 
at all possible. 

(7) If the water supply is trom a well on the premises, 
the point of attachment shall be as close as possible 
to the well, with the casing bonded to the water 
piping. See Fig. 28. 

(b) To Gas Pipes. Attachinent to gas piping was covered 
in Section 250-82—recall that permission to make such an 
attachment is required. When connecting the ground to a 
gas pipe, it shall be on the street side of the meter and the 
connection shall be accessible if at all possible. Caution 
must be used as insulating couplings are often present in 
gas piping systems. 


(c) To Other Electrodes. Grounding to electrodes other 
than metallic water piping was permitted in Sections 250-82 
and 83. When grounding to this type of electrode, make 
certain that it is a permanent ground and that the connec- 
tion is accessible if at all possible. 


250-113. To Conductors and Equipment. The grounding 
conductor, bond, or bonding jumper shall be attached to 
circuits, conduits, cabinets, equipment, and the like, which 
are to be grounded, by means of: 


(1) Suitable lugs. 
(2) Pressure connectors. 
(3) Clamps. 
(4) Other approved means. 
Soldering is never permitted. The strap type of grounding 


clamp is also not permitted. Be certain that the device used 
is approved for the purpose. 


Table 250-94. Grounding Electrode Conductor 
for Grounded Systems 


Size of Largest Service-Entrance Size of Grounding 


Conductor or Equivalent for Electrode 
Parallel Conductors | Conductor 
e w Aluminum or * Aluminum or 
Cspper-Clad Copper-Clad 
Aluminum Aluminum 
or smaller 0 or smaller 
1 o0 2/0 or 3/0 
2/0 or 3/0 4/0 or 250 MCM 
Over 3/0 thru Over 250 MCM 
350 MCM thru 500 MCM 
Over 350 MCM Over 500 MCM 
thru 600 MCM thru 900 MCM 
Over 600 MCM Over 900 MCM 
thru 1100 MCM thru 1750 MCM 
Over 1100 MCM Over 1750 MCM 


Where there are no service-entrance conductors, the grounding electrode 
conductor size shall be determined by the equivalent size of the largest serv- 
ice-entrance conductor required for the load to be served. 

*See installation restrictions in Section 250-92(a). 

See Section 250-23(b). 


CHAPTER 6 


Nonmetallic 


Sheathed Cable 


(TYPES NM AND NMC) 


Nonmetallic sheathed cable, as covered in Article 336 of 
the NEC, is very widely used in the wiring of residences. It 
is probably the most widelv used type of wiring for this 
purpose. NM cable is often referred to as RoMEx, loomwire, 
etc. These are nonmetallic sheathed cables approved in 
sizes No. 14 through No. 2 AWG with copper conductors 
and in sizes No. 12 through No. 2 AWG with aluminum 
conductors. By conductors is meant the current-carrying 
conductors in these cables. In addition to the two or three 
current-carrying conductors, the cable will also contain an 
equipment grounding conductor of proper size, as specified 
in Table 250-95. This grounding conductor may be bare or 
covered with green insulation, or green insulation with one 
or more yellow stripes. This grounding conductor is defi- 
nitely not a current-carrying conductor. It is for grounding 
receptacle boxes, receptacles, switch boxes, and equipment 
of any nature, including enclosures, raceways, and appli- 
ances. See Fig. 35. This grounding conductor is an equip- 
ment grounding conductor, and the only time that it will 
carry current is when a fault develops in the circuit. 
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BARE OR 


GREEN 

R 
INSULATION » ~ 
BLACK - | INSULATION 


Fig. 35. NM, NMC, or UF cable. 


Some years back, the grounding type receptacle, as shown 
in Fig. 36, appeared in the NEC. At this time there were 
no current using devices on the market which had cords 
that included an equipment grounding conductor and the 
grounding-type attachment plug as show in Fig. 37. Along 


GREEN EQUIPMENT GROUNDING CONDUCTOR SCREW 


Fig. 36. A grounding type receptacle. 


with this came the NM Cable with ground for grounding 
purposes. Since the appearance of the grounding-type re- 
ceptacles, there are a sufficient number of this type installed 
on grounded circuits that it became practical to make some 
changes in the 1968 Code—mainlv to require the grounding 
of more appliances than were required to be grounded under 
previous Codes. 

Prior to the appearance of this type of equipment ground- 
ing, it was necessary on certain appliances, such as an elec- 
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tric washing machine, to ground the appliance frame by 
means of a separate grounding conductor clamped to the 
cold-water piping. This was a rather ineffective grounding 
method because high impedances were often encountered. 
Now with the grounding-type receptacles, NM cable with 
ground, and the spelling out of how the grounding is to be 
accomplished, we have a very effective equipment grounding 
circuit which, when properly installed, makes for a low impe- 
dance and thus for a more effectual means of operating the 
over-current devices or devices protecting the circuit in case 
of ground faults. A word of caution at this point—in wiring 
existing residences, you shall definitely not install a ground- 
ing-type receptacle on a circuit that does not have an 
equipment ground. ‘This would create false security, and acci- 
dents would surely occur. The NEC has taken into account 
that we will run into existing ungrounded circuits on which 
extensions for additional receptacles must be made. This is 


[| 7 GROUNDING TERMINAL 


Fig. 37. A grounding type attachment plug. 


covered in Section 210-7 as an exception: Exception: For 
extensions only in existing installations which do not have a 
grounding conductor in the branch circuit, the grounding 
conductor of a grounding type receptacle outlet may be 
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grounded to a grounded cold water pipe near the equip- 
ment. See Fig. 38. Caution: This does not make the entire 
circuit a grounded circuit, but merely grounds the recep- 
tacles added to an existing circuit. 


EX! STING NEW 
UNGROUNDED GROUNDING 
RECEPTACLE TYPE 


AND CIRCUIT RECEPTACLE 


ИЩ 


эшш; 
mm 


EXISTING 
GROUNDED 
COLD WATER 
PIPING 
Fig. 38. A grounding type receptacle grounded to a cold-water pipe when installed 
in an existing ungrounded system. 


Sometimes in iny duties as an inspector, I find that some- 
one has been sold NM cable without ground. I will not per- 
mit an external green grounding conductor to be added, and 
my reason for this is that a sufficient amount of time has 
elapsed since the Code went to grounded circuits that this 
cable should not remain in existence. Also, for a grounding 
circuit to be effective, the impedance must be kept low, and 
I personally feel that to accomplish this the current-carry- 
ing conductors and the grounding conductor must be within 
the same common sheath. 

Refer to Section 250-45 (Equipment Connected by Cord 
and Plug.) Portions of this Section will be quoted, but it 
would be well to read the entire Section in the NEC: 
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Under any of the following conditions, exposed noncur- 
rent-carrying metal parts of cord and plug connected equip- 
ment, which are liable to become energized, shall be 
grounded: 

(с) In residential occupancies, (1) refrigerators, freezers, 
air conditioners, and (2) clothes-washing, clothes-drying and 
dish-washing machines, sump pumps and (3) portable, hand- 
held, motor-operated tools and appliances of the following 
types: drills, hedge clippers, lawn mowers, wet scrubbers, 
sanders and saws. 


Table 250-95. Size of Equipment Grounding Conductor 
for Grounding Interior Raceway and Equipment 


Rating or Setting of 
Automatic Overcurrent 
Device in Circuit Ahead 
of Equipment, Conduit, 
etc., Not Exceeding 
(Amperes) 


Size 


Copper 
Wire No. 


Aluminum 
Wire No.* 


2/0 
3.0 


4:0 
250 МСМ 


350 
400 
500 


600 
800 
1000 


1200 


See installation restrictions in Section 250-92(a). 
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Refer now to the second paragraph of Section 422-16: 
Refrigerators, freezers and air conditioners shall comply 
with the requirements of Sections 250-42, 43 and 45. 


li is recommended thar the frames be grounded in all cases. 
For methods of grounding frames of electric ranges and clothes 
dryers, see Sections 250-57 and 250-60. 


A portion of Table 250-95, which gives us the sizing for 
equipment grounding conductors, will be listed here. The 
entire table is not shown as the large ampacity circuits are 
not applicable to the conductors which we will find used in 
residences. Your attention should be called to the fact that 
the 1968 NEC made some changes in the sizes of equipment 
grounding conductors. Please note that for 15, 20 and 30 
amp. circuits, the equipment grounding conductors are the 
same size as the phase conductors. Larger circuits shown 
permit a reduction in the size of the equipment grounding 
conductors. 

At this point your attention is called to the fact that 
Article 370 was amended to count the equipment ground- 
ing conductor in the fill of boxes. This will not be covered 


any further now, but will be covered fully a little later in 
this book. 


USE AND INSTALLATION OF NM AND NMC CABLES 


Section 336-3 gives us the information where nonmetallic 
sheathed cable may be used. Fundamentally, it may be 
used for both exposed and concealed installations. 

For uses not permissible tor either type NM or NMC ca- 
bles, the following is listed: 


(1) As service-entrance cable. 
(2) In commercial garages. 
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(3) In theatres, except as provided in Section 520-4 
(this is a place of assembly ). 

(4) In motion picture studios. 

(5) In storage battery rooms. 

(6) In hoistways. 

(7) In any hazardous location. 

(8) Embedded in poured concrete, cement, or aggre- 
gate. 


Type NM cable, as previously stated, may be installed 
for both exposed and concealed work in normally dry lo- 
cations. This would include installing or fishing of NM 
cable in the air voids in masonrv block or tile walls, but 
only if such walls are not exposed to excessive moisture or 
dampness. An example of type NM cable installation in 
masonry blocks would be in blocks used in the interior 
walls of buildings. Exterior walls of block (including ex- 
terior basement walls) shall not have NM cable installed 
in the voids of these blocks. See Fig. 39. 

NMC cable is a moisture and corrosion-resistant type of 
cable. Therefore, NMC cables may be installed for both ex- 
posed and concealed work in any place that NM cable would 


NM CABLE SHALL NOT BE INSTALLED IN VOIDS 
WHEN EXPOSED TO DAMPNESS. 
NMC OR UF CABLE MAY BE INSTALLED. 


Fig. 39. NMC or UF cable may be installed in the voids of concrete-block walls, but 
not NM cable. 
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be permitted, and may also be installed in moist, damp, or 
corrosive locations. Thus, it may be installed in the hollow 
voids of masonry block or tile walls used as outside walls of 
buildings, both above ground walls and basement walls. 
NMC cable may also be embedded in plaster or run in shal- 
low chases in masonry walls and covered with plaster. When 
so installed, if this cable is within 2 inches of the finished 
surface, it shall be protected against damage from nails by 
covering the chase with a corrosion-resistant coated steel at 
least 1/16-inch thick and with a minimum width of % inch. 
This protective metal covering may be under the final sur- 
face finish. See Fig. 40. 

In the 1978 NEC there is an addition to restrictions on 
the use of NM cable. NM and NMC cables are not per- 
mitted to be used in more than two-family dwellings or in 
multifamily dwelling that exceed three floors above grade. 


NM and NMC cables shall be secured only with approved 
staples, straps, or similar fittings. These approved devices 
for the support of these cables are designed so as not to in- 
jure the cables. 

NMC CABLE 


-MASONARY | 
m WALL: ДЕ 


OR COVERED WITH 1/16" CORROSIVE 
RESISTIVE STEEL - 3/4" MINIMUM WIDTH 


Vdd: 


Fig. 40. Proper installation of NMC cable in a plastered wall. 
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These cables shall be secured within 12 inches of every 
cabinet, box, or fitting, and shall be secured at intervals of 
not over 45 feet elsewhere. Of course, in wiring finished 
buildings, panels for prefabricated buildings, etc., the sup- 
ports just mentioned are impractical, SO we are permitted 
to fish these cables between access points. See Fig. 41. 

It might be well to mention that should it be desired to 
use NM cable in the air voids in masonry block walls where, 


NM, NMC, OR UF 
CABLE 


AV2FT. 


STAPLE AT 4 1/2 FT. 
MAXIMUM 


“STAPLE WITHIN 12" OF METAL BOX OR 
8" OF PLASTIC BOX 


Fig. 41. Proper method of securing NM, NMC, or UF cable. 


as previously stated, its use is prohibited, rigid conduit or 
EMT may be installed in the voids first and then NM cable 
fished through these conduits or EMT. See Fig. 42. 

Section 336-6 is headed Exposed Work-General; Section 
336-8 is headed In Unfinished Basements; Section 336-9 is 
headed In Accessible Attics. These three Sections will be 
covered at one time, as they are of a very similar nature. 

In running NM or NMC cable in exposed work: 


(a) The cable shall closely follow the surface of the 
building finish or of running boards. 
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(b) It shall be protected from physical damage where 
necessary, by conduit, pipe, guard strips or other means. 
Where passing through a floor the cable shall be enclosed 


CONDUIT OR EMT IN BLOCK VOIDS OR CONCRETE WALLS 


Fig. 42. Proper method of installing NM cable in concrete-block walls. 


in rigid metal conduit or metal pipe extending at least 6 
inches above the floor. 


This quote from the NEC is quite clear. However, it is il- 
lustrated in Fig. 43 to show what is meant in part (a), 
namely following the surface of the building. Fig. 44 illus- 
trates part (b), where protection from physical damage is 
required. Fig. 45 illustrates where conduit, etc., is required 
when passing these cables through a floor. 

Now refer to Section 336-8 (In Unfinished Basements): 
Where the cable is run at angles with joists in unfinished 
basements, assemblies not smaller than two No. 6 or three 
No. 8 conductors may be secured directly to the lower 
edges of the joists: smaller assemblies shall either be run 
through bored holes in the joists or on running boards. 
Where run parallel to joists, cable size shall be secured to 
the sides or face of the joists. See Fig. 45, 46 and 47. 


Section 336-9. In Accessible Attics. Cable in accessible at- 
tics or roof spaces shall also conform with Section 333-12. 
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CONDUIT OR EMT SHALL BE USED TO ENCLOSE THE NM OR NMC CABLE 
WHEN EXPOSED TO PHYSICAL DAMAGE 


[227272224 Җ 22У 


Fig. 44. Installation method to protect NM or NMC cable from physical damage. 


Going back to Section 333-12. In Accessible Attics. Type 
AC cables in accessible attics or roof spaces shall be installed 
as follows: 

(a) Where run across the top of floor joists, or within 7 
feet of floor or floor joists across the face of rafters or stud- 
ding, in attics and roof spaces which are accessible, the 
cable shall be protected by substantial guard strips which are 
at least as high as the cable. Where this space is not accessi- 
ble by permanent stairs or ladders, protection will only be 
required within 6 feet of the nearest edge of scuttle hole or 


attic entrance. 
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CONDUIT OR PIPE COVERING 
NM OR NMC CABLES A MINIMUM 
OF 6" THROUGH FLOORS 


Fig. 45. Protecting NM or NMC cable where it passes through a floor. 


CABLES NO. 6-2 AND CABLES NO. 8-3 
MAY BE RUN ON LOWER EDGES OF JOISTS 


Fig. 46. Large NM or NMC cables may be run across the lower edges of joists in 
unfinished basements. 


(b) Where cable is carried along the sides of rafters, 
studs or floor joists, neither guard strips nor running boards 
shall be required. See Figs. 48 and 49. 


Section 336-7. Through Studs, Joists and Rafters. See 
Section 300-4. 

(a) Where exposed or concealed wiring conductors in in- 
sulating tubes or cables are installed through bored holes in 
studs, joists or similar wood members, holes shall be bored 
at the approximate centers of wood members, or at least 
15 -inches from the nearest edge where practical. 


90 


NONMETALLIC SHEATHED CABLE Types NM лмо ММС 


=== 
ELLLER ware LALLA AAA ер РРА. й "T "rr. 


CABLES SMALLER THAN NO, 6-2 AND NO. 8-3 MAY 
BE RUN THROUGH HOLES BORED THROUGH JOISTS 


a 


SHALL BE A MINIMUM OF 
2" or 1/16" STEEL PLATE 
SHALL PROTECT CABLES $ 


Fig. 47. Small NM or NMC cable must be run through bored holes in the joists in 
unfinished basements or protected by running boards. 


ATTIC ACCESS OR 
SCUTTLE HOLE 


Fig. 48. Guard strips are used to protect cable in accessible attics under certain 
conditions. : 


In analyzing (а), ме find the 14-inch requirement from 
the nearest edge where practical. The intent of the state- 
ment where practical is in reference to a 2 x 4 stud, or 
similar building part, which in reality is only about 3%”, but 
is considered to be 4" for all practical purposes. Bear in 
mind that, fundamentally, the 2" requirement is the pre- 
vailing factor. 

(b) Where there is no objection because of weakening the 
building structure, metal-clad or nonmetallic - sheathed 
cable, aluminum-sheathed cable and Type MI cable may 


Fig. 49. Cable run along the sides of rafters, studs, or joists in accessible attics need 
no additional protection. 
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be laid in notches in the studding or joists when the cable 
at those points is protected against the driving of nails into 
it by having the notch covered with a steel plate at least 
1/16 inch in thickness before building finish is applied. 
See Fig. 50. 


Examining both(a) and (b) the primaty purpose of all 
this is to protect the cables from being penetrated by nails 
or staples used in attaching lath, drywall, or panelling. Any 
one that has ever had to troubleshoot a case caused by 


2" MINIMUM 


COVER WITH STEEL 1/16" MINIMUM THICKNESS 


2" MINIMUM OR CENTER 
OF 2x 4, WIDE SIDE 


Fig. 50. Steel plates used to protect cable notched into studs or joists. 


the penetration of a nail or staple into a cable will fullv 
appreciate the intent of the NEC on this point. 


In the installation of NM and NMC cables, Section 336- 
10, Bends shall be adhered to. This Section states: Bends in 
cable shall be so made, and other handling shall be such, 
that the protective coverings of the cable will not be in- 
jured, and no bend shall have a radius less than 5 times the 
diameter of the cable. 
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As an inspector, 1 have found damaged NM and NMC 
cables due to sharp bending, or damage to the other cover- 
ing caused by pulling these cables through bored holes, 
etc. A recent case of trouble appeared in a two-section 
module home. This wiring was roughed-in before the inner 
and outer walls were attached, but on the final inspection, 
one branch circuit kept tripping the breaker. In running 
this fault down, it was found to be in the last portion of 
the branch circuit. The walls had to be removed and the 
cable was ordered to be replaced with a new length. When 
the cause of the fault was investigated, we found that at 
some time the cable had been bent verv sharply, causing 
the insulation on one of the phase conductors to split and 
this phase conductor in turn was making contact with the 
bare equipment grounding conductor in the cable. While 
we were testing to find this fault, we did notice that by mov- 
ing the cable, the fault would disappear and reappear. 
Too much emphasis cannot be placed on handling these 
cables properly during their installation. This type of fault 
may also occur by driving too severely the staples holding 
the cables. 
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CHAPTER 7 


Underground Feeder and 
Branch Circuit Cable 


(TYPE UF) 


Artcle 339 of the NEC covers Type UF cable. This is an 
underground feeder or branch circuit cable of an approved 
type that comes in sizes No. 14 to 4/0 AWG, inclusive. The 
covering on the cable is: 


Flame retardant 

Moisture-resistant. 

Fungus-resistant. 

Corrosive-resistant. 

Suitable for direct burial in the earth. 


QU > Qo 19 = 


Section 339-3 is headed Use. We need not go into the 
entire section, but will only cover that portion that we might 
consider applicable to residential wiring. 

Fundamentally, Type UF is a cable which may be buried 
directly in the earth, and may be made up of a single con- 
ductor or multiple conductors in one sheath. We will first 
discuss burying this cable in the earth. 

Section 300-5. Use. (c) A minimum depth of 24 inches 
shall be maintained for conductors and cables buried di- 
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rectly in the earth. This depth may be reduced to 12 inches 
provided supplemental protective covering such as a 2- 
inch concrete pad, metal raceway, pipe or other suitable 
protection is used. See Fig. 51. 
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Fig. 51. Minimum depth at which UF cable must be buried. 


Now let us analyze this portion of the NEC. We find the 
minimum depth of burial is 24 inches. It will be found that 
if this cable is buried in a rock type soil, the inspector will, 
without doubt, require the cable to have a fine sand bed 
placed in the bottom of the ditch with a layer of fine sand 
required as the first cover over this cable. This point is 
especially important in climates where the ground is sub- 
ject to freezing to this depth or deeper, and the intent is 
to protect the cable insulation from damage due to the 
rocks in the soil. See Fig. 52. 

This 24-inch depth may be reduced to 12 inches if there 
is a 2-inch concrete pad, metal raceway, etc., protecting 
the cable as called for in part (c). This cable must enter 
the ground at some point and must also emerge at some 
point. So, at these points, the UF cable must be sleeved in 
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Fig. 52. Method of burying UF cable in rocky soil. 


metal raceways and proper protection given so that frost 
heave will not cause cutting of the cable against the metal 
raceway. This can, of course, be done by using plastic in- 
sulating bushings at these points. 

In Section 339-3 we are told that this cable shall not be 
used when: (8) embedded in poured cement, concrete or 
aggregate, except where recognized in Article 424. 


300-5(c). Underground Cables under Buildings. Under- 
ground cable installed under a building shall be in raceway 
that is extended. beyond the outside walls of the building. 


230-49. Protection against Damage— Underground. Un- 
derground service conductors shall be protected against 
physical damage in accordance with Section 300-5. 


Let us stop a moment. Notice that this Section pertains 
to underground service conductors. However Article 300, 
headed WiniNc METHOps-GENERAL, has Section 300-5, which 
is referred to in Section 230-49. Thus, even though Section 
230-49 is written to cover underground service conductors, 
it is also applicable to other conductors run underground. 
Now the following means are applicable to protecting UF 
cable: 


96 


| 


UNDERGROUND FEEDER AND BRANCH Circuit CABLE 


(1) in duct; 

(2) in rigid metal conduit or electrical metallic tubing 
made of a material suitable for the condition, or provided 
with corrosion protection suitable for the condition; 

(3) in rigid nonmetallic conduit if installed in accord- 
ance with Sections 347-2 and 347-3; 

(4) in cable of one or more conductors approved for 
direct burial in the earth; 

(5) other approved means. 


We may ignore part (4) if we are talking about under- 
ground cable run under a building, as we are told in 
Section 300-5 that it shall be in a raceway, etc. 

In other words, any UF cable buried under a building 
must be installed so that it will be readily replaceable. You 
will also find that inspection authorities will, for the most 
part, consider concrete patios, etc., to be a part of the 
building. To clarify this, they would consider it impractical 
to put the portion of the UF cable under the building pro- 
per in a raceway and not have it in a raceway under a 
concrete patio. 

There would be no way to replace the UF cable under 
the patio, should it become necessary to do so, without 
tunneling. So it makes good sense to require the raceway 
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SUITABLE METAL КАСЕМАҮ; ETC. BUSHINGS 
Fig. 53. UF cable buried under a building or other inaccessible locations must be 
installed so as to be readily replaceable. 
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out to the point where the cable may be reached by digging 
in exposed earth. See Fig. 53. 


Part (d) of Section 339-3 states: Type UF cable may be 
used for interior wiring in wet, dry, or corrosive locations 
under the recognized wiring methods of this Code, and when 
installed as nonmetallic-sheathed cable it shall conform with 
the installation provisions of Article 336 and shall be of the 
multiple conductor type, .... 


For the balance of the coverage of Type UF cable for 
residential wiring it will be necessary to refer to Chapter 6 
of this book. The installation of UF cable will be done in 
exactly the same way as the installation of NM or NMC 
cables. Refer back to Fig. 38 especially, where you will note 
that UF (as well as NMC cable) may be run in the voids of 
block walls exposed to dampness. 
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Armored Cable 


Article 333 covers ARMORED CABLE, Type AC cable. 
What we are interested in here is in regards to residential 
wiring with Type AC cable. 

Definition. Type AC cable is a fabricated assembly of in- 
sulated conductors in a metallic enclosure. See Section 333-4. 


Section 333-4. Construction. Type AC cable shall be an approved 
cable with acceptable metal covering. The insulated conductors shall 
conform to Section 333-5. 

Type AC cables are branch-circuit and feeder cables with armor of 
flexible metal tape. Cables of the AC Type, except ACL, shall have an 
internal bonding strip of copper or aluminum, in intimate contact with 
the armor for its entire length. See Fig. 54. 


In residential wiring we are principally interested in a 
would-be Type AC Series. Many of us knew this as BX. 
When BX was in existence, a ground fault in the cable often 
caused the exterior armor to heat, even to the extent of caus- 
ing some fires. This is the same result as found in flexible 
metal conduit and was due to a high impedance developed 
by the spirally wound exterior armor. The NEC took 
this into account for flexible metal conduit. It required an 
equipment ground to be installed in the flexible metal con- 
duit so that a low-impedance grounding circuit was obtained 
to take care of the heating and to provide a low enough 
impedance to actuate the overcurrent devices in the circuit. 
The NEC also made provisions that if approved fittings 
and flexible metal conduit were developed to take care of 
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the impedance factor, the Code was prepared for its usage 
without a change. See Fig. 54. 


EXTERNAL ARMOR 


BONDING STRIP OF COPPER OR ALUMINUM 
IN INTIMATE CONTACT WITH ARMOR 
FOR ITS ENTIRE LENGTH 


Fig. 54. Type AC metal-clad cable. 


In Section 333-5, part (b) Type AC. For cables of Type 
AC, insulated conductors shall be of a type listed in Table 
310-13. In addition, the conductors shall have an over-all 
moisture-resistant and fire-retardant fibrous covering; . . .. 


In Section 333-6, headed Use, we find part (b) Type AC. 
Metal-clad cable of the AC type may be used in dry loca- 
tions; for under plaster extensions as provided in Article 333-6, 
and embedded in plaster finish on brick or other masonry, 
except in damp or wet locations. This cable may be run or 
fished in the air voids of masonry block or tile walls; where 
such walls are exposed or subject to excessive moisture or 
dampness or are below grade line, Type ACL cable shall be 
used. This cable shall contain lead-covered conductors (Type 
ACL), if used where exposed to the weather or to contin- 
uous moisture, for underground runs and embedded in 
masonry, concrete or fill in buildings in course of construc- 
tion, or where exposed to oil, or other conditions having 
a deteroriating effect on the insulation. . . . 

The difference between Types AC and ACL is that the 
conductors in Type ACL are lead covered. Type ACL is not 
used very often in residential wiring. However, Type AC 
may be used, but not where necessary to fish it through the 
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air voids of masonry block or tile walls where these walls 
are below grade line or exposed or subject to excessive mois- 
ture or dampness. Refer to both Chapters 6 and 7 where 
NM cable was not permitted for that purpose, but NMC 
and Type UF were. Also, most inspection authorities would 
not look favorably on the installation of Type AC cable in 
chases of outside brick walls exposed to the dampness of 
weather conditions. 

There need not be too much said about the installation 
of Type AC cable, as the requirements are very similar to 
those for Type NM covered in Chapter 6. It should be men- 
tioned, however, that at each termination of AC cable, a fiber 
bushing made for this purpose shall be inserted between the 
armored sheath and the conductors. It should also be noted 
that the grounding strip, as referred to in the construction of 
Туре AC cable, shall be either bent back over the fiber 
bushing and in intimate contact with the external portion 
of the armor and the cable clamp so installed that this 
grounding strip is made electrically secure by the clamp, or 
else this grounding strip shall be installed as was the equip- 
ment grounding conductor in NM cable. See Fig. 55. 

The supports for Type AC cable are the same as for NM 
. cable, namely at intervals not exceeding 4X feet and within 


SLIP FIBER BUSHING OVER CONDUCTORS 
AND PUSH BACK BETWEEN CONDUCTORS 
AND METAL ARMOR TO PREVENT SHARP 

EDGES FROM CUTTING INSULATION ON 
CONDU CTORS 


BRING BONDING STRIP BACK OVER THE BUSHING 
AND ARMOR SHEATH TO MAKE A GOOD ELECTRICAL 
BOND WHEN CONNECTOR IS INSTALLED 


Fig. 55. Proper method of preparing AC cable for installation. 
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12 inches of every outlet box or fitting. Of course we cannot 
staple where Type AC cable is fished in walls. Also, lengths 
not to exceed 24 inches may be used at terminals if re- 
quired. The boxes and fittings shall be approved for Type 
AC cable. All other conditions of installation shall be the 
same as for Types NM, NMC, and UF cables for the interior 
wiring of a residence, unless there are exceptions which were 
noted in the first part of this Chapter. 
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CHAPTER 9 


Service-Entrance Cable 
(TYPES SE AND USE) 


Mention was made about service-entrance cable in Chap- 
ter 5. Not too much was covered, however, as it was felt 
that because SE and USE cables have various usages, it 
would be better to cover them in a separate chapter. 


Section 338-1. Definition. Service-entrance cable is a 
conductor assembly provided with a suitable over-all cov- 
ering, primarily used for services and of the following types. 
When consisting of two or more conductors, one may be 
without individual insulation. See Fig. 56. 


(a) Type SE, having a flame-retardant, moisture-resistant 
covering, but not required to have inherent protection 
‹ against mechanical abuse. 


OUTER COVERING SHALL BE FLAME-RETARDANT 
AND MOI STURE-RESISTANT ; 
THERE SHALL BE MOISTURE SEAL TAPES UNDER 
THIS OUTER COVERING. 
BARE CONDUCTORS 


INSULATED CONDUCTORS 
Fig. 36. SE cable with a bare neutral conductor. 
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(b) Type USE, recognized for underground use, having 
a moisture-resistant covering, but not required to have a 
flame-retardant covering or inherent protection against 
mechanical abuse. Single-conductor cables having rubber 
insulation specifically approved for the purpose do not re- 
quire an outer covering. 


Type SE cable is so designated because'it is often used for 
service-entrance conductors. Refer back to Chapter 5 which 
covers in general details the installation of service entrances 
and service-entrance conductors. 


Section 338-3, headed Use as Branch Circuit or Feeders, 
gives us more detailed information for use. 

(a) Type SE, service-entrance cables may be used in in- 
terior wiring systems where all of the circuit conductors of 
the cable are of the rubber-covered or thermoplastic type. 


Take note of that portion which states where all of the 
circuit conductors of the cable are of the rubber-covered or 
thermoplastic type. Fig. 57 shows such a cable. The cable 
shown contains three insulated conductors to be used as 
circuit conductors, namely for wiring 115/230-volt sys- 
tems which are the type usually used in residential wiring. 


OUTER COVERING SHALL BE FLAME-RETARDANT 
AND MOISTURE-RESI STANT 


THIS CABLE SHALL CONTAIN THREE INSULATED 
CONDUCTORS, ONE TO BE USED AS NEUTRAL, AND 
SHALL ALSO HAVE ONE STRANDED BARE CONDUCTOR 
TO BE USED AS AN EQUIPMENT GROUNDING 

CONDU CTOR 


Fig. 57. SE cable with insulated conductors and an equipment grounding conductor. 
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Two of the insulated conductors are phase or current-carry- 
ing conductors, and the third insulated conductor is the neu- 
tral. There should also be one stranded bare conductor which 
is used as an equipment grounding conductor. In a majority 
of uses for branch circuits and feeders, the equipment 
grounding conductor will be required. Note that following 
part (b) of Section 338-3 tells us: The above provisions do 
not intend to deny the use of service-entrance cable for in- 
terior use when the fully insulated conductors are used for 
circuit wiring and the uninsulated conductor is used for 
equipment grounding purposes. 


An explanation of this statement is as follows, referring to 
the type SE cable illustrated in Fig. 56. For instance, a 
230-volt branch circuit or feeder might be used to supply 
230-volt loads which do not require a neutral conductor. 
These could be electrical heating panels, or electrical heating 
equipment. This would require the use of the two insulated 
conductors for the 230-volt supply and the bare conductor 
would be used as an equipment grounding conductor. You 
are cautioned to observe this information very closely, be- 
cause for some reason the use of SE cables seems to be con- 
fusing at times. 

Caution should be exercised when using the four-con- 
ductor type for a service entrance. In this type of cable there 
is an insulated neutral plus two phase conductors and a 
bare grounding conductor. The common practice seems to 
be to connect both the bare equipment grounding conductor 
and the insulated neutral conductor to the meter housing 
neutral terminal and at the neutral bus in the service equip- 
ment. This is a violation of Section 310-4. (Conductors in 
Multiple). In this section is listed the criteria for paralleling 
conductors. This type of cable does not have a neutral con- 
ductor and an. equipment grounding conductor which meets 
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the criteria of Section 310-4. Therefore, the bare equip- 
ment grounding conductor should be eliminated when this 
type of cable is used for service-entrance conductors. 


Section 338-3(b) is now quoted. Type SE, service-entrance 
cables without individual insulation on the grounded cir- 
cuit conductor shall not be used as a branch circuit or as a 
feeder within a building, except a cable which has a final 
nonmetallic outer covering and when supplied by alternat- 
ing current at not exceeding 150 volts to ground, may be 
used: (1) As a branch circuit to supply only a range, wall- 
mounted oven, counter-mounted cooking unit, or clothes 
dryer as covered in Section 250-60, or (2) as a feeder to 
supply only other buildings on the same premises. It shall not 
be used as a feeder terminating within the same building 
in which it originates. 


We find some of the same material here that was prev- 
iously explained in this chapter. In (1), we find that a cable 
with insulated conductors and one bare conductor, as illus- 
trated in Fig. 56, may be used as a branch circuit to supply 
a range, wall-mounted oven, counter-mounted cooking unit, 
or clothes dryer. Reference is made to Section 250-60 which 
tells us that a three conductor cable (SE), with one con- 


SERVICE ENTRANCE EQUIPMENT 


SE CABLE WITH BARE NEUTRAL 


NEUTRAL BUS 
GROUNDED TO 
ENCLOSURE 

Fig. 58. SE cable with a bare neutral conductor may be used as a branch circuit to 

supply ranges, dryers, etc., only when it originates in service equipment panels. 
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ductor bare, may be used to supply ranges, etc., only when 
this branch circuit originates in service equipment panels. 
See Fig. 58. In case this is confusing, the reasoning is as 
follows: 

In the service equipment, the neutral bus is to be grounded 
to the panel enclosure. Therefore, in using the bare neutral 
of the Type SE cable under discussion, hazardous conditions 
are created, because should the bare neutral happen to touch 
the enclosure, they are electrically connected together in the 
service equipment. When supplying ranges, etc., from a 
feeder panel, however, an entirely different condition exists. 
The neutral bus in the feeder panel is isolated from the enclo- 
sure, as shown in Figs. 59 and 60. In Fig. 59 the service 
equipment and a feeder panel is supplied by a four-con- 
ductor SE cable having three insulated conductors and one 


SERVICE ENTRANCE EQUIPMENT FEEDER PANEL 


L| [9 253322023 A992222032)) У УУ 


Ер FOUR-CONDUCTOR SE CABLE 


CONNECT NEUTRAL AND 
EQUIPMENT GROUNDING CONNECT NEUTRAL CONDUCTOR TO NEUTRAL BUS 


CONDUCTOR TO NEUTRAL BUS (THIS BUS 15 TO BE ISOLATED), CONNECT 
EQUIPMENT GROUNDING CONDUCTOR TO 
EQUIPMENT GROUNDING BUS BONDED TO PANEL, 


Fig. 59. SE cable with three insulated conductors and a bare equipment grounding 
conductor must be used when supplying a feeder panel. 


bare equipment grounding conductor. The neutral bus is 
bonded to the service-equipment enclosure and, in addition, 
the insulated neutral and the bare equipment grounding con- 
ductor of the SE cable are both tied to the neutral bus. The 
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NEUTRAL BUS 
ISOLATED FEEDER PANEL 


WHEN FOUR CONDUCTOR CABLE 15 USED, 
GROUND BARE CONDUCTOR TO EQUIPMENT 
GROUNDING BUS, THIS SHALL BE BONDED 
TO ENCLOSURE. FOUR-CONDUCTOR CABLE OR THREE- CONDUCTOR 
CABLE WITH ALL THREE CONDUCTORS INSULATED 
TO SUPPLY RANGE OR DRYER FROM A FEEDER PANEL 


Fig. 60. Branch circuit connections from a feeder panel. 


neutral bus is isolated in the feeder panel and the insulated 
neutral goes to this neutral bus. Notice that the grounding 
bus in the service-entrance enclosure is tied to the enclosure, 
and it is to this bus that the bare equipment grounding con- 
ductor is connected. In case someone thinks this is parallel- 
ling the neutral and the equipment grounding conductor, it 
should be stated that this is not true. Granted that these two 
conductors are tied together in the service equipment enclo- 
sure, but they are not tied together in the feeder panel and 
are therefore not paralleled. 

In Fig. 60, either a four-conductor cable or a three-conduc- 
tor cable with all three conductors insulated is used as the 
branch circuit to a range or dryer. What do we have? With 
a four-conductor cable the neutral and the equipment ground 
conductor are separated, but the neutral is an insulated con- 
ductor so that if it comes in contact with the enclosure 
(which it most likely will), the purpose of isolating the 
neutral bus in a feeder panel is not defeated. If a three-con- 
ductor insulated SE cable is used, the Code permits us to 
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ground the frame of the range or dryer to the neutral in 
residences. Caution: If a four-conductor cable (one con- 
ductor being bare) is installed, use the bare conductor for 
grounding the frame of the range or dryer, but do not ground 
the neutral to the frame also. To do so would defeat the 
purpose we are after. 


+ 


Part (2) of Section 338-3(b), states that SE cable with a 
bare neutral, as illustrated in Fig. 56, may be used as a 
feeder to supply only other buildings on the same premises. 
Note specifically that it goes on to say that: it shall not be 
used as a feeder terminating within the sume building in 
which it originates. This part stems from Section 250-24, 
headed Two or More Buildings Supplied From Single- 
Service Equipment. In a residence, we might have a de- 
tached garage. This could be supplied from the panel in 
the house by means of a feeder circuit using SE cable with 
two insulated conductors and a bar neutral but with no 
equipment grounding conductor. This is confusing because, 
in dealing with feeders, we normally think of an equipment 
grounding conductor having to be supplied with the feeder. 
However, in Section 250-24 we find that we have a different 
situation. Where more than one building is supplied by 
the same service, the grounded circuit conductor of the 
wiring system of any building utilizing one branch circuit 
supplied from such service may be connected to a ground- 
ing electrode at such building, and in the case of any 
building housing equipment required to be grounded or 
utilizing two or more branch circuits supplied from such 
service, and in the case of a building housing live stock, 
shall be so connected. Thus, even though we have a feeder 
circuit, the other building is treated as a service for wiring 
purposes and a ground electrode is provided at the second 
building. 
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A word of caution is given at this point on checking the 
markings on SE cable. The outer surface of SE cable shall 
be marked at intervals not exceeding 24 inches. This mark- 
ing shall designate the type of cable, the size of the con- 
ductors, and the type of insulation which is used on these 
conductors. This is important when using Table 310-16 to 
determine the allowable ampacities of conductors. In this 
table we find that No. 8 aluminum conductors with 60°C 
insulation have an ampacity of 30, while those with 75°C 
insulation have an ampacity of 40, etc., so the overcurrent 
protection will have to fit this table. 

When installing SE and USE cable, USE cable shall be 
treated in the same manner as UF cables. SE cable comes 
under the provisions of not only Article 338, but also Article 
300 and Article 336. Most of these requirements were cov- 
ered in Chapters 6, 7, and 8, so they will not be repeated 
at this point. 
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Electrical Metallic Tubing 


Electrical metallic tubing, commonly known as EMT or 
thinwall conduit, appears in Article 348 of the NEC. Next to 
nonmetallic sheathed cable, which was covered in Chapter 
6, the next most widely used wiring method for residential 
wiring is probably EMT. In discussing wiring with EMT, we 
will find that many of the requirements also include rigid 
metallic conduit. | 

EMT is now quite generally used most any place in resi- 
dential wiring. There are a few places, however, where it 
is prohibited. EMT may be used where it will not be sub- 
ject to severe physical damage both during and after installa- 
tion. This takes care of most phases of residential wiring. 
However, please direct your attention to the second para- 
graph of Section 348-1. Use. 


Unless made of a material judged suitable for the condi- 
tion, or unless corrosion protection approved for the condi- 
tion is provided, ferrous or nonferrous electrical metallic tub- 
ing, elbows, couplings and fittings shall not be installed in 
concrete or in direct contact with the earth, or in areas sub- 
ject to severe corrosive influences. This automatically places 
the judging of conditions where EMT might or might not 
be installed in the earth or in concrete up to the authority 
having jurisdiction. You will find that most inspection au- 
thorities will never permit EMT in contact with the earth, 
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and under Section 90-4 it becomes their right to judge the 
conditions. You will also find some inspection authorities 
who never permit EMT in concrete slabs, while others will 
permit such an installation provided that the concrete does 
not have an additive such as calcium chloride. 


EMT is manufactured in sizes from X" through 4” elec- 
trical trade size. Tubing smaller than X" shall only be used 
for underplaster extensions as covered in Article 344 or for 
enclosing the leads of motors as permitted in Section 430- 
145(b). In my years of experience, I have never come across 
EMT smaller than 2” and I presume that this is because, 
from an economic standpoint, it is not practical to make 
smaller sizes commercially. 

The number of conductors allowed in EMT is covered in 
Section 348-6. This section refers back to Section 346-6. 


346-6. Number of Conductors in Conduit. The number of 
conductors permitted in a single conduit shall be as follows: 


Where the conductors are all of the same size use Tables 
3A, 3B and 3C of Chapter 9 of the NEC. Where conductors 
are of varying sizes use Tables 1, 4 and 5 of Chapter 9 of 
the NEC. | 


Tables 3A, 3B and 3C in Chapter 9 of the МЕС is герго- 
duced here. Only that part that is applicable to residential 
wiring need be used. 

Notice that this table includes a column A and a column 
B. With the development of the new type of insulation per- 
mitting a smaller overall size for certain conductors, it was 
felt that a distinction should be given in this table between 
the larger diameter and smaller diameter conductors. 

Your attention is called to the note at the head of this 
table: Derating factors for more than three conductors in 
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raceways, see Note 8, Table 310-16 through 310-19. 
Referring to Note 8, we find: 


8. More Than Three Conductors in a Raceway or Cable. 
Tables 310-16 and 310-18 give the allowable ampacities for 
not more than three conductors in a raceway or cable. 
Where the number of conductors in a raceway or cable ex- 
ceeds three, the allowable ainpacity of each conductor shall 
be reduced as shown in the following table: 


Per Cent of Values 
Number of in Tables 310-12 
Conductors | | -and 310-14 


Exception. No. 1—When conductors of different systems, 
as provided in Section 300-3, are installed in a common race- 
way the derating factors shown above apply to the number 
of Power and Lighting ( Articles 210, 215, 220 and 230) con- 
ductors only. 

To explain Note 8, turn to Table 310-16 and use the 75?C 
column for the proper conductors. Using No. 14 AWG, we 
find that it has an allowable ampacity of 15 amperes. Ac- 
cording to Note 8, we find that if we do not have over three 
No. 14s in a raceway, we may use 15-ampere overcurrent 
devices on this branch circuit, but if we have four No. 14s 
in a raceway, we have to derate to 80% of the 15 amperes, 
which would be 12 amperes. Since this is an impractical 
combination, we change to No. 12 AWG which, according 
to Table 310-16, gives us an allowable ampacity of 20 
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Table 1. Percent of Cross Section of Conduit 
and Tubing for Conductors 
(See Table 2 for Fixture Wires) 


Number of Conductors 1 2 3 4 Over 4 
All conductor types 53 31 40 40 40 


except lead-covered 
(new or rewiring) 


Lead-covered conductors 55 30 40 38 35 
pe 


Note 1. See Tables 3A, 3B and 3C for number of conductors all of the same 
size in trade sizes of conduit a inch through 6 inch. 

Note 2. For conductors larger than 750 MCM or for combinations of con- 
ductors of different sizes, use Tables 4 through 8, Chapter 9, for dimensions of 
conductors, conduit and tubing. 

Note 3. Where the calculated number of conductors, all of the same size, 
include a decimal fraction, the next higher whole number shall be used where 
this decimal is 0.8 or larger. 

Note 4. When bare conductors are permitted by other Sections of this Code, 
the dimensions for bare conductors in Table 8 of Chapter 9 shall be permitted. 

Note 5. A multi-conductor cable of three or more conductors shall be treated 
as a single conductor cable for calculating percentage conduit fill area. 


amperes. Since we are using 4 conductors in a raceway, Note 
8 tells us we must derate to 80% of the 20 amperes, which 
equals 16 amperes. Therefore, we will be required to use 
No. 12 copper wire on this 15-ampere branch circuit. The 
same type of calculations would be used for aluminum con- 
ductors except Table 310-18. would be used instead of 
Table 310-16. 


Your attention is called to the Note at the head of both 
Tables 310-16 and 310-18: Not More than Three Conductors 
in Raceway or Cable or Direct Burial (Based on Ambient 
Temperature of 30°C. 86°F.) 


Ambient temperature refers to the temperature of the 
surrounding area in which the conductors and raceways 
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are installed. Tables 310-16 through 310-19, each have derat- 
ing tables at the bottom of the ampacity Tables. 


Section 348-7 tells us that EMT is not to be coupled to- 
gether nor connected to boxes or fitting by means of threads 
made in the wall of the EMT. Nothing but approved fittings 
for the purpose are to be used. In using EMT connectors 
and/or couplings, be certain'that they have the UL letters 
on them or at least on the boxes in which they come. 


ME octo 77 NN 


Fig. 61 shows an indent-type connector—there are also 
indent type couplings. When installing an indent-type of 
fitting, use the tool made for these fittings, and be very sure 
that it is not sprung or worn so that the indents do not 
make proper electrical continuity between the fitting and the 
EMT. ; 

Fig. 62 shows a pressure-type coupling. Each end has a 
nut that, when screwed down on the coupling threads, puts 
pressure against a spring device within the nut so as to make 
good electrical contact. 

Fig. 63 shows a setscrew-type connector. Couplings of 
this type are also available. Note the setscrew which is 
tightened down against the EMT inserted into the coup- 
ling or connector, thus making a good electrical contact. 

EMT couplings and connectors shall be made tight for 
good electrical continuity. When buried in masonry or con- 
crete, they shall be of the concrete-tight type, and when 
used in wet locations they shall be of the raintight type. A 

| description of the purposes and locations where they may 
|. be used will be found on the cartons in which they are 
|» packed. 
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Fig. 62. A pressure-type EMT coupling. 


Section 348-10. Bends—Number in One Run. A run of 
electrical metallic tubing between outlet and outlet, between 
fitting and fitting, or between outlet and fitting, shall not 
contain more than the equivalent of four quarter bends 


Fig. 63. A setscrew-type EMT connector. 


(360 degrees, total), including those bends located imme- 
diately at the outlet or fitting. 

In Fig. 64 will be seen two boxes connected by a race- 
way with four 90-degree bends. This makes a total of 360“ 
which is the maximum permitted by the Code. Fig. 65 also 
shows a total of 360° total bends between the boxes. This, 
however, differs from Fig. 64 in that two 45" offset bends 
were made at each box to bring the EMT from the knock- 
out in the box to where it could be strapped to a wall. We 
also find two 90? bends, so we have used the allowable total 
number of bends permitted between boxes. The purpose of 
this 360° total is that it was apparently felt that more bends 
than this total amount would cause difficulty in pulling 
conductors into the raceway and possibly cause damage to 
the insulation. 


Section 348-9. Bends—How Made. Bends in the tubing 
shall be so made that the tubing will not be injured and 
that the internal diameter of the tubing will not be effect- 
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ively reduced. The radius of the curve of the inner edge of 
any field bend shall not be less than shown in Table 346- 
10. 


900 + 99° + 900 + 99° - 360° 


Fig. 64. The maximum amount of bends in EMT must not exceed 360° between any 
two boxes or pull points. 


50 + & «9f + Ф + 457 + 450 - 360° 


Fig. 65. Another example of the maximum amount of bends permitted in EMT 
between junctions. 


Exception: For field bends made with a bending machine 
designed for the purpose, the minimum radius shall not 
| be less than indicated in Table 346-10 Exception. 
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We are shown how to measure the radius of a bend in 
Fig. 66. 

There are many manufacturers that build benders of va- 
rious types for EMT. Some are hand-type benders and some 
are hydraulic. Care must be taken to select the proper size 
bender to match the EMT being bent. Do not substitute a 
bender for rigid metal conduit when bending EMT. One 
case is recalled where 2” EMT required two 45° offsets. 
The contractor did not have the proper bending equipment, 
nor did he take the time to borrow the proper equipment. 
Instead, he took the EMT to a blacksmith shop, and had it 
heated to make the bends. In doing this, the outer and in- 
ner coatings of the EMT were melted away causing rough- 
ness inside and corrosion on the outside. Of course this piece 
of EMT would not pass inspection and he was required 
to install a new piece of EMT bent by approved methods. 
The walls of EMT are thin and are very easily wrinkled or 
kinked, thus reducing the inside diameter. See Fig. 67. 


RADIUS OF BENDS 


Fig. 66. The radius of bend in EMT. 
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Table 346-10. Radius of Conduit Bends (Inches) 


Conductors Conductors 
Size of Without With 
Conduit (In.) Lead Sheath (In.) Lead Sheath (In.) 


Table 346-10. Exception. Radius of Conduit Bends 
(Inches) 


a a a aa aa KR cyst ns gem 
Size of 
Conduit (In.) 


Section 348-11. Reaming. All cut ends of electrical metal- 
lic tubing shall be reamed to remove rough edges. 
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KINKS OR WRINKLES 


Fig. 67. Improper bending may produce wrinkles or kinks in EMT. 


In Fig. 68, note that when EMT is cut with a wheel-type 
pipe cutter, the tubing tends to roll in. All of this must be 
cut away by means of a reamer. EMT cut with a hacksaw 
does not have this rolled-in burr, but care must be taken to 
make square cuts and then ream to eliminate any burrs and 
to give a beveled edge. It is impossible for an inspector to 
see every cut on a wiring job, but be assured that if this 


TUBING ROLLS IN WHEN CUT 
WITHA PIPE CUTTER 


Fig. 68. Cutting EMT with a pipe cutter produces a rolled-in burr. 


reaming is not done properly, breakdown or damage to the 
insulation will occur. 


Section 348-12, Supports. Electrical metallic tubing shall 
be installed as a complete system as provided in Article 300 
and shall be securely fastened in place at least every 10 feet 
and within 3 feet of each outlet box, junction box, cabinet, 
or fitting. See Fig. 69. 
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COUPLING 


FITTING 


к ute ——]1—— 10 Max >} -— 100 sl ca 


3 MAX 3 MAX 


Fig. 69. EMT must be supported at specified maximum intervals. 


Section 348-13 covers boxes and fittings which will be dis- 
cussed in a later Chapter. 
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Rigid Metal Conduit 


Rigid metal conduit is covered in Article 346 of the NEC. 
Much of the preceding chapter and Article 348 of the NEC 
is also quite applicable to rigid metal conduit. 

Rigid metal conduit may be used in all atmospheric con- 
ditions and occupancies except that ferrous metal raceways 
and fittings protected only by enamel may be used only in- 
doors and in occupancies not subject to a corrosive influence. 
We must also bear in mind galvanic action (electrolysis) and 
its effect on dissimilar metals. 

The paragraph (c) of Section 346-1 is practically iden- 
tical to Section 348-1. This paragraph, however, is very im- 
portant and will be referred to here: Unless made of a ma- 
terial judged suitable for the condition, or unless corrosion 
protection approved for the condition is provided, ferrous or 
nonferrous metallic conduit, elbows, couplings and fittings 
shall not be installed in concrete or in direct contact with 
the earth, or in areas subject to severe corrosive influences. 

This paragraph automatically places the judging of con- 
ditions and locations where rigid metal conduit may or 
may not be installed in earth or in concrete up to the auth- 
ority having jurisdiction. 

Conduit is available that is factory coated. There are also 
materials available which may be sprayed or painted on the 
conduit and which will be satisfactory for approval. Check 
with the inspection authority and see what they will require. 
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You will find that, to a large degree, inspection authorities 
will never permit rigid metal conduit in contact with the 
earth, and under Section 90-4 it becomes their right to judge 
the conditions. However, you will find that most inspection 
authorities will permit rigid metal conduit in concrete with- 
out additional protection from corrosion unless the concrete 
has an additive such as calcium chloride. An inspector re- 
cently observed rigid galvanized conduit which had been 
in a concrete slab for several years. Calcium chloride had 
originally been added to the concrete to prevent freezing. 
When this concrete was broken up, it was found that the 
conduit was very badly eaten away. Practically no inspector 
will permit aluminum conduit in the earth or in concrete, as 
it seems to be especially vulnerable to corrosion in these 
areas. In deference to aluminum conduit, however, there 
are corrosive influences (but not in residential wiring loca- 
tions) that do not affect aluminum nearly as much as they 
affect rigid galvanized conduit. 


Section 346-5. Minimum Size. No conduit smaller than 
5 inch, electrical trade size, shall be used, except as provided 
for underplaster extensions in Article 344, and for enclosing 
the leads on motors as permitted in Section 430-145(b). 


Section 346-6. Number of Conductors in Conduit. Refer 
to the coverage given in Chapter 10 covering EMT. Every- 
thing stated there, including references to the tables, are 
all applicable to rigid metal conduit. 


Section 346-7. Reaming. Same as reaming of EMT. 


Section 346-8. Bushings. Where a conduit enters a box or 
other fitting, a bushing shall be provided to protect the 
wire from abrasion unless the design of the box or fitting is 

|. such as to afford equivalent protection. See Section 373-6(с) 
| for the protection of conductors at bushings. 
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Section 373-6. Deflection of Conductors. 


(c) Insulated Bushings. Where ungrounded conduct- 
ors of No. 4 or larger enter a raceway in a cabinet, pull box, 
junction box, or auxiliary. gutter, the conductors shall be 
protected by а substantial bushing providing a smoothly 
rounded insulating surface, unless the conductors are sep- 
arated from the raceway fitting by substantial insulating 
material securely fastened in place. Where conduit bushings 
are constructed wholly of insulating material, a locknut shall 
be installed both inside and outside the enclosure to which 
the conduit is attached. 


BS FITTING 


PLASTIC BUSHING 


Fig. 70. Rigid metal conduit terminated at a junction box by locknuts and an 
insulated bushing. 

Fig. 70 shows insulated bushings and locknuts to be used 
for this purpose. Fig. 71 illustrates a fiber insert to be used 
with standard metal bushings. Where bonding-type bush- 
ings are to be used, they can be metal with an insert, or 
they may be metal with a plastic throat. 


Section 346-9. Couplings and Connectors. 


(a) Threadless couplings and connectors used with con- 
duit shall be made tight. Where buried in masonry or con- 
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FITTING 
METAL CONDUIT 
BUSHING 


А SPLIT 
= 


FIBER INSERT TO BE USED WITH METAL BUSHING 


Fig. 71. A fiber insert to be used with metal bushings. 


LOCKNUT COUPLING 


p, 2 COUPLING 
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Fig. 72. A conduit coupling using locknuts. 


crete, they shall be of the concrete-tight type, or where 
installed in wet locations, shall be of the raintight type. 

(b) Running threads shall not be used on conduit for con- 
nection at couplings. 


For those who are not tamiliar with the term, running 
threads, these were previously of a form that might be 
called a union, using water-pipe terminology. This was ac- 
complished by threading the conduit far enough back so 
that a locknut could be screwed on in addition to conduit 
coupling, which does not have tapered threading. Another 
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piece of conduit was then screwed into the coupling, butt- 
ing up against the first piece of conduit. This assembly was 
then locked by tightening the locknut which had previously 
been put on to the running thread. See Fig. 72. 

Fig. 73 illustrates a fitting which serves the same purpose 
on conduit that a union does on water Pipe It is often called 
an Erickson. > 

Pipe unions are not approved for conduit use. In fact, 
neither water pipe or fittings is approved in place of rigid 
conduit. The interior coating of water pipe might be rough 
and damage the wire insulation. Attempts are often made to 
use water pipe and fittings for electrical raceways, even 
water pipe sections welded together. When found, they have 
to be turned down and approved raceways and fittings used 
to replace them. 


Section 346-10. Bends—How Made. This was extensively 
covered in Chapter 10. Everything covered there is appli- 
cable to rigid metal conduit. 


Section 346-12. Supports. Rigid metal conduit shall be in- 
stalled as a complete system as provided in Article 300 and 


"А" 


THREADED BUSHING 
SCREWED ON TO CONDUIT 


CONDUIT BUSHING SCREWED ON TO 
CONDUIT SMOOTH OUTSIDE 


THREAD COUPLING WITH 
INSIDE FLANGE - TO SCREW ON TO "А" 


CONDUIT 


Fig. 73. A type of conduit coupling that serves as a union. 
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shall be securely fastened in place. Conduit shall be firmly 
fastened within 3 feet of each outlet box, junction box, 
cabinet, or fitting. Conduit shall be supported at least every 
ten feet except that straight runs of rigid conduit made up 
with approved threaded couplings may be secured in ac- 
cordance with Table 346-12, provided such fastening pre- 
vents transmission of stressés to terminus when conduit is 
deflected between supports. 


Your attention is called to that portion of Section 346-12 
which states: conduit shall be supported at least every ten 
feet except that straight runs of rigid conduit made up with 
approved threaded couplings, etc. Notice that it states ap- 
proved threaded couplings. This definitely does not mention 
threadless couplings and connectors discussed in Section 
346-9. 

Last, but by no means least, all connections into threaded 
hubs, locknuts, and bushings, shall be made up tight. The 
rigid conduit is accepted as the equipment grounding means, 
and if these are not made up tight, electrical continuity will 
not be good. Thus, in case of a ground fault, high imped- 
ance will result and thus impede the operation of the over- 
current devices. There may also be arcing at the connection 
to boxes, cabinets, etc., and there might be a resulting fire. 
A good conduit job is a beauty to behold—a poor job is some- 
thing else. 
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Circuits Required 
for Dwellings 


In Chapter 3, actual calculations for dwellings were given. 
Referring to Calculation No. 1, we found that we had 21,531 
watts which we divided on a 3-wire single-phase basis into 
the total amperes per phase of 96 amperes. Further in this 
calculation it was determined that we had a general light- 
ing load of 8874 watts which would be on 115-volt circuits. 
The 8874 watts was divided by 115 volts, which gave us 77.2 
amperes for general lighting to be handled by a minimum 
of six 15-ampere circuits or four 20-ampere circuits. This 
included lighting and general-purpose receptacles and is 
the minimum number of circuits required. As stated before, 
do not figure the bare minimum, but add a few additional 
circuits. 

To the general lighting and receptacle lighting circuits 
just referred to, we are required to have a minimum of two 
small-appliance circuits in the kitchen, as explained in Chap- 
ter 2, and also a minimum of one 20-ampere laundry circuit. 
Remember, to these three minimum requirements for small- 
appliance and laundry circuits there shall be no permanently 
installed appliances connected, nor shall there be any light- 
ing connected except that which shall be an integral part 
of the small appliances. 
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Referring to Article 100 covering the definitions of appli- 
ances, we find three definitions—fixed, portable, and station- 
ary. The intent of the small-appliance circuits is for use with 
portable appliances such as*we use around the kitchen or 
in the family room. Refrigeration equipment may be in- 
cluded on the small appliance circuit according to Section 
220-3(b). In my own home, I would consider that since both 
the refrigerator and the freezer contain valuable food items, 
that a separate circuit be run to each of these. This is not a 
Code requirement, but is purely a good practical suggestion. 
One could, of course put a couple of lights or something of 
this sort on each of the additional circuits should he desire 
to do so. The same method would be true of the laundry 
circuit since this is for washing and ironing only and is not 
intended as a general purpose circuit, and should therefore 
have no lighting connected to it. One might wonder why a 


Fig. 74. A twe-wire branch-circuit connection at a receptacle. 
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20-ampere circuit is necessary for a laundry. Many washers 
pull approximately 20 amperes when starting the spin cycle. 

Going back to the minimum of two small-appliance cir- 
cuits in the kitchen (covered bv Section 220-3(b) of the 
NEC) anyone who understands the whv and wherefore of 
installing these circuits, and what they are used for, will 
certainlv add more than the two required. The NEC tells 
us that there is to be a minimum of two circuits in the kit- 
chen, and it also tells us that there is to be a 20-ampere small- 
appliance circuit in the dining room, family room, breakfast 
room, and pantry. The question now comes up as to what 
is a family room? There is no practical definition listed, so 
we look to the room usage to define it. The intent, I am sure, 
is to have a sinall-appliance circuit available in a room where 
the family gathers to enjoy themselves and to have snacks 
which will require the use of portable electrical appli- 
ances. 

There is nothing iu the NEC which prohibits us from ex- 
tending one or both of the small-appliance circuits to one 
or more of the rooms other than the kitchen which are 
required to have small-appliance circuits in them. But again 
be reminded that, for the small dollar investment required 
at the time of home construction, it is recommended that 
more than just the two small-appliance circuits be installed. 

The small-appliance circuits in the kitchen and elsewhere 
may be run as a 2-wire, 115-volt circuit for each run, and 
this will provide a duplex receptacle at the same location, 
and each will be on a single 115-volt circuit. In this case, 
should a toaster and a fry pan both be plugged into this 
receptacle at the same time, the circuit breaker will prob- 
ably trip. We have another alternative—to run a 3-wire 
multiwire circuit. In this type of circuit, the black conduc- 
tor connects to phase A, the red conductor to phase B, and 
the white conductor to the neutral. This circuit may be run 


136 


Crrcuits REQUIRED For DWELLINGS 


around the perimeter of the kitchen area. Receptacles come 
with a breakoff piece on the hot or brass-colored side of the 
terminals, and the black conductor connects to one brass 
screw, and the white conductor to either of the silver-col- 
ored screws. This will provide two circuits at each recep- 
tacle. Refer to Figs. 74 and 75, which illustrate this pro- 
cedure. 


Fig. 75. Connecting a receptacle to provide two separate circuits. 


The multiwire circuit does have one drawback which 
might cause an accident in a very rare case—should two ap- 
pliances which have a ground fault on the phase conductor 
to the appliance cases are both plugged into the same duplex 
receptacle, 230-volts might be present between the cases of 
the two appliances. This problem will fast disappear as we 
are required to have three-conductor cords—that is, a cord 
with two current-carrying conductors plus an equipment 
grounding conductor. The 1968 NEC took this into consid- 
eration in making a substantial start in this direction. Also, 
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ground fault interrupters are fast taking their place in the 
wiring field, and it is very possible that the use of these 
might become a requirement in many of our circuits as 
covered by the NEC. There is certainly nothing to prohibit 
the use of these ground fault interrupters, known as СЕ, 
in any wiring you might be doing now. 

The NEC does not tell us how many small-appliance re- 
ceptacles may be put on one small-appliance circuit. It tells 
us only the minimum number of circuits required. We must 
be practical in wiring a residence and not install an excess 
number of receptacles on one small-appliance circuit. A 
good guide line to follow is to have not more than three or 
possibly four receptacles on one circuit. Be advised, how- 
ever, that this is not one of the minimum Code requirements. 


In figuring the number of outlets for general illumination, 
be sure that each circuit does not supply more outlets than 
the 3 watts per square foot basis allows, in fact leave some 
spare capacity on each circuit for future use. 

The NEC permits us to use 15-ampere circuits in these 
areas. You will also find that many regulations adopted by 
some cities prohibit the 15-ampere circuits for receptacles 
on general lighting circuits, requiring instead 20-ampere 
circuits. You will also find that one of the manufacturers of 
precut homes also supplies materials for 20-ampere recep- 
tacle circuits. 

In figuring the wiring for general-purpose lighting cir- 
cuitry, it is suggested that you evaluate the difference in 
cost of using conductors with 20-ampere ampacity instead 
of conductors with 15-ampere ampacity. Your lighting 
switches, receptacle, and boxes will be the same in either 
case, as will the labor for an NM cable installation. The only 
additional expenses will be the price differential between the 
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two different sizes of NM cable, and you will find this to be 
of relatively small importance. However, a contractor bid- 
ding for the wiring on a dwelling might find that this 
differential in conductor prices would cause him to lose the 
contract. Therefore, the contractor must be practical and, in 
figuring his estimate, should figure it on the minimum basis 
and then give an alternate which includes the larger am- 
pacity conductors. Many times an inadequate job of selling 
is done by the contractor when considering bids for wiring. 
As an example, when you walk into an appliance store to 
buy a refrigerator, where does the salesman automatically 
lead you? He takes you to the top of the line, and if he ob- 
serves that you are not able to purchase the highest price 
refrigerator, he then goes to the next lower price refrigera- 
tor and so on until he reaches the model that he is able to 
convince you to buy. Whv should we not do the same in the 
selling of wiring. It is not padding the customer's bill for 
the wiring, but it is giving him something a little better 
which he will soon find out was advantageous to him. 
Your best advertising will come from a satisfied customer. 

Ground fault circuit interrupters are required on bath- 
room receptacles. 
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Boxes and Fittings 


Boxes and fittings are covered in Article 370 of the NEC. 
This chapter will discuss the usage of such boxes, how they 
shall be mounted, and the number of conductors permitted 
in each. Notice that cubic inch capacity is the criteria for 
the number and sizes of conductors permitted in boxes. 
Since these boxes are not always easily measured to obtain 
the cubic content, they are sometimes filled with water and 
the cubic content of the water measured instead. 

There is quite a variety of boxes used in residential wiring. 
Perhaps the most common is the outlet or switch box, often 


Fig. 76. Various types of outlet or switch boxes. 
referred to as a receptacle box. They are available in alumi- 
num, galvanized steel, and plastic. Fig. 76 illustrates some 
of these boxes. Some are for use with conduit, and this type 


140 


BoxEs AND FITTINGS 


Fig. 77. Various types of built-in cable clamps. 
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is available with or without plaster ears so that they may be 
mounted in either a plaster wall or in concrete and attached 
to rigid conduit or electrical metallic tubing. These same 
boxes may be used with armored cable or nonmetallic 
sheathed cable by using approved clamps to secure these 
cables in the box. They also are available with clamps 
mounted in the box, one type approved for armored cable 
and another type approved for NM cable. See Fig. 77. Be 
certain that the boxes used are approved for the type wiring 
being installed. 


3-gang. 


4-gang. 


Fig. 78. Ganged boxes. 
These boxes are available in single-gang types for mount- 
ing only one receptacle or switch, or for up to 3 switches 
and/or outlets of the Despar variety mounted in one single 
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yoke. They are also available in multigang types for 2 or 
more receptacles or switches mounted in one row horizon- 
tally. See Fig. 78. Practically all of the single-gang boxes are 
of the sectional variety with which, by removing one or both 
sides of two or more boxes, any size box can be assembled to 
allow the installation of multigang devices. Bakelite or plas- 
tic boxes must be purchased as ganged boxes in proper num- 
ber since they cannot be ganged in the field. See Fig. 79. 


| Fig. 79. Plastic boxes. 
| In using metal boxes it is required that the cables be 
stapled within 12 inches of where they enter the box, and 
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Fig. 80. Various types of nail-on boxes. 
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built-in clamps or approved connectors shall be used. Plastic 
boxes do not have built-in clamps for the cables, so it there- 
fore is necessary to staple the cables within 8 inches of the 
box. In addition, NM cable is the only type permitted to be 
used with plastic boxes. 

Boxes are available with plaster ears for mounting to 
wooden lath, but the majority are what are called nail-on 
boxes, as shown in Fig. 80. Through-tvpe boxes for mounting 
switches or receptacles on both sides of a wall are also man- 
ufactured. These are shown in Fig. 81. 


Fig. 81. A through-type box for installing switches or receptacles on both sides of 


a wall. 


Extensions are available which may be mounted ou, boxes 
to give a larger cubic capacity, or for extending the box if it 
is mounted too far back, or for use if at some future date it 
is necessary to furr the wall out for panelling. See Fig. 82. 

Where lath and plaster is used, the boxes usually become 

| filled with plaster and hard to clean out and are also 
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Fig. 82. An extension for a switch box. 


sometimes hard to find. Threads must be cleaned after 
plastering. Appleton Electric Products manufactures a cov- 
er for protection of boxes in such installations. See Fig. 83. 
This cover has a piece of gummed paper in the center with 
the notation, “Remove Tape Before Plastering.” The box is 


EASYAS..1 | 2 


еш UN. 


ч 


РВОТЕСТЕО! LOCATED! 


REMOVED! 


Fig. 83. A cover for wall boxes installed in plastered walls. 


plastered over, but a small blue spot bleeds through the 
plaster and marks the position of the outlet. The plaster may 
then be removed, leaving a clean box that is well plastered 
in. Receptacle and switch boxes shall be mounted flush with 
all combustible materials, but may be set back X inch when 
installed in noncombustible materials. In all cases, however, 
the wall material must fit closely around the boxes. 
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For mounting switches and receptacles, what is commonly 
known as a 4” square box (Fig. 84) is often used. Fig. 84A 
shows a plain conduit type, but all of these boxes are avail- 
able with clamps for NM cable or armored cable. Figs. 84B, 
C, and D illustrate 4” square boxes which may be attached 
to wooden studs without the use of nails. In the event a 4” 
square box does not have enough capacity for the number 


Fig. 84. Various types of 4-inch square boxes. 
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and sizes of conductors that are being installed, extensions 
such as those shown in Fig. 84E may be added. One or more 
extensions may be used as required to obtain sufficient ca- 
pacity. Note that 4” square boxes are not equipped for 


Fig. 85. Plaster rings for 4-inch square boxes. 


mounting receptacles and/or switches, so it is necessary to 
use what is known as a plaster ring (Fig. 85). Although the 
word “plaster ring” is used, it does not mean that they are 
only to be used on plastered walls, since they are also 
usable for panelling or drywalls. They are available in dif- 


Fig. 86. Handy boxes. 


ferent depths to accommodate the type wall in which they 
are being installed. 
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Another type of box, called a “handy box,” is shown in 
Fig. 86. These may be purchased with nail-on adapters, but 
are usually used for surface mounting. They do not come 
with clamps, so are for use with conduit or EMT. If it is 
desired to use them with armored cable or NM cable (Ro- 
MEX), approved clamps must be used, such as those that 


Fig. 87. An extension for a handy box. 


Fig. 88. Method of installing self-nailing square boxes. 


f уеге shown in Fig. 76. Extensions are also available for 
t handy boxes (Fig. 87) to increase their capacity. 
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Fig. 88 shows the method used to install a self-nailing 4" 
square box. The same method is used for self-nailing handy 
boxes and regular type receptacle boxes. 


Fig. 89. A plain 4-inch octagonal box. 


Fig. 89 illustrates a 4" octagon box of the conduit or EMT 
type. This kind of box may also be used with cables, pro- 
vided that approved clamps are added, or that the box has 
approved built-in clamps (Fig. 90). Fig. 91 shows 4" octa- 


Fig. 90. Four-inch octagonal boxes with built-in cable clamps. 


gon boxes of the nail-on type. Extension rings (Fig. 92) are 
available for 4" octagon boxes to gain sufficient capacity for 
the number and sizes of conductors being used. 

If the walls or ceilings are plastered, or if dry wall is used, 
4" octagon boxes should have plaster rings of a type similar 
to those shown in Fig. 85. This type of box may be mounted 
with mounting brackets similar to those shown for a common 
box or a 4" square box. It is also possible to install a 2” x 4" 
between the ceiling joists and mount the octagon box on 
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Fig. 91. Nail-on type octagonal boxes. 


Fig. 92. Extension rings for octagonal boxes. 


this. There are, however, many and varied types of patented 
hangers available, two of which are shown in Fig. 93. 

Fig. 94 shows a plaster ring installed on a 4” square box. 
Remember, these rings are available in various depths, so 
purchase the one required. 


| Fig. 93. Mounting brackets for octagenal bexes. 
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4" SQUARE ВОХ WITH PLASTIC RING AND DRY WALL CUT OUT 
TO FIT THE RECEPTACLE PORTION OF THE PLASTER RING 


Fig. 94. A plaster ring installed on a 4-inch square box. 


A very vital portion of Article 370 is Section 370-6 con- 
cerning the number of conductors allowed in a box. This is 
of such vital importance that Section 370-6 and Table 370. 
6(a) and 370-6(b) are reproduced here along with any 
necessary comments. 


370-6. Number of Conductors in Switch, Outlet, Recep- 
tacle, Device, and Junction Boxes. Boxes shall be of suffi- 
cient size to provide free space for all conductors enclosed 
in the box. 

The provisions of this Section shall not apply to terminal 
housings supplied with motors. (See Section 430-12). 

(a) Standard Boxes. The maximum number of conduc- 
tors, not counting fixture wires permitted in standard boxes, 
shall be as is listed in Table 370-6(a). See Section 370-18 
where boxes or conduit bodies are used as junction or pull 
boxes. 


(1) Tables 370-6(a) shall apply where no fittings or 
devices such as fixture studs, cable clamps, hickeys, 


152 


Вохеѕ AND FITTINGS 


switches, or receptacles, are contained in the box and where 
no grounding conductors are part of the wiring within the 
box. Where one or more fixture studs, cable clamps, or 
hickeys are contained in the box, the number of conductors 
shall be one less than shown in the Table; an additional 
deduction of one conductor shall be made for each strap 
containing one or more devices; and a further deduction of 
one conductor shall be made for one or more grounding 
conductors entering the box. A conductor running through 
the box shall be counted as one conductor, and each con- 
ductor originating outside the box and terminating inside 
the box is counted as one conductor. Conductors, no part 
of which leaves the box, shall not be counted. The volume 
of a wiring enclosure (box) shall be the total volume of the 
assembled sections, and where used, the space provided by 
plaster rings, domed covers, extension rings, etc. that are 
marked with their volume in cubic inches. 

(2) For combinations of conductor sizes shown in Table 
360-6(a), the volume per conductor listed in Table 370-6(b) 
shall apply. The maximum number and size of conductors 


· listed in Table 370-6(a) shall not be exceeded. 


(b) Other Boxes. Boxes 100 cubic inches or less other 
than those described in Table 370-6(a) and conduit bodies 
having provisions for more than two conduit entries shall 
be durably and legibly marked by the manufacturer with 
their cubic inch capacity and the maximum number of 
conductors permitted shall be computed using the volume pr 
conductor listed in Table 370-6(b). Boxes described in 


| Table 370-6(a) that have a larger cubic inch capacity than 


is designated in the Table shall be permitted to have their 
cubic inch capacity marked as required by this Section and 
the maximum number of conductors permitted shall be 
computed using the volume per conductor listed in Table 
370-6(b). 
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Where #6 conductors are installed the minimum wire 
bending space required in Table 373-6(a) shall be provided. 

(c) Conduit Bodies. Conduit bodies enclosing #6 con- 
ductors or smaller shall have a cross-sectional area not less 
than twice the cross-sectional area of the largest conduit to 
which it is attached. The maximum number of conductors 
permitted shall be the maximum number permitted in 
Table 1, Chapter 9, for the conduit to which it is attached. 

Conduit bodies having provisions for no more than two 
conduit entries shall not contain splices, taps, or devices, 


Table 370-6(a). Metal Boxes 


Maximum Number of Conductors 


Box Dimension, Inches 
Trade Sire or Type яза | та | жю] # ЕЗ 


4 x 1% Round or Octagonal 12.5 6 5 5 4 0 
4 x 1\% Round or Octagonal 15.5 7 6 6 5 0 
4 x 2Vs Round or Octagonal 21.5 10 9 8 7 0 
4 x 1% Square 18.0 9 8 7 6 0 
4 х 172 Square 21.0 10 9 8 7 0 
4 x 278 Square 30.3 2215 13 12 10 6* 
4156 x 1\4 Square 25.5 12 11 10 8 0 
416 x 1/2 Square 29.5 14 13 11 9 0 
40% x 2/8 Square 42.0 2) 18 16 14 6 
3 x 2 х 1/2 Device 7.5 3 3 3 2 0 
3 x 2 x 2 Device 10.0 5 4 4 3 0 
3 x 2 x 2% Device 10.5 5 4 4 3 0 
3 x 2 x 2\% Device 12.5 6 5 5 4 0 
3 x 2 x 234 Device : 14.0 7 6 5 4 0 
3 x 2 x 3V2 Device 18.0 9 8 7 6 0 
4 х 2Vs x 1); Device 10.3 5 4 4 3 0 
4 x 2Vs x 1% Device 13.0 6 5 5 4 0 
4 x 218 х 2Vs Device 14.5 7 6 5 4 0 
334 x 2 x 2⁄2 Masonry Box/gang| 14.0 7 6 5 4 0 
334 x 2 х 3V2 Masonry Box/gang| 21.0 10 9 8 7 0 
FS — Minimum Internal Depth 1% | 

Single Cover/Gang 13.5 6 6 5 4 0 
FD — Minimum Internal Depth 2% 

Single Cover/Gang 18.0 9 8 7 6 3 
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unless they comply with the provisions of 370-6(b) and are 
supported in a rigid and secure manner. 


Table 370-6(a). Boxes 


Maximum Number of Conductors 


Box Dimension, Inches 
Trade Size or Type 


FS — Minimum Internal Depth 134 
Multiple Cover/Gang 

FD — Minimum Internal Depth 2% 
Multiple Cover/Gang 


*Not to be used as a pull box. For termination only. 


Table 370-6(b). Volume Required Per Conductor 


Size of Free Space Within Box 
Conductor for Each Conductor 


2. cubic inches 


2.25 cubic inches 
2.5 cubic inches 
3. cubic inches 
5. cubic inches 


370-6. Number of Conductors in a Box—Boxes shall be of 
sufficient size to provide free space for all conductors en- 
closed in the box. This is a basic and broad statement 
which, in itself, is quite sufficient; however, a complete 
analysis of this will be made as it is in the Code. The main 
point is that in the installation of conductors in boxes, the 
conductors should never be forced into the box as this is a 
potential source of trouble. The Code spells out what is good 
practice as well as the minimum requirements. The installer 
should, however, always bear in mind the intent and, if nec- 
essary to do a good job, go even further than the minimum 
requirements. 

The limitations imposed by Sections 370-6 (a and b) are 
not intended to apply to terminal housings supplied with 
motors, nor to those types of boxes or fittings without knock- 

155 


BOXES AND FITTINGS 


outs that have hubs or recessed parts for terminal bushings 
and locknuts. 

(a) Table 370-6(a) cover the maximum number of con- 
ductors that will be permitted in outlet and junction boxes. 
There has been no allowance in these Tables for fittings or 
devices, such as studs, cable clamps, hickeys, switches, or 
receptacles that are contained in the box. These must be 
taken into consideration and deductions made for them. A 
deduction of one conductor shall be made for each of the 
following: 


(1) One or more fixture studs. 

(2) Cable clamps. 

(3) Hickeys. 

(4) Grounding conductors count as one. 

There shall be a further deduction of one conductor 
for one or several flush devices mounted on the same 
strap. A conductor that runs through a box is counted 
as only one conductor. A conductor originating out of 
the box and terminating in the box is counted as one 
conductor. Conductors of which no part leaves the box 
will not be counted, such as wires to fixtures that are 
spliced onto the other wires in the box. 

Boxes are often ganged together with more than one 
device per strap mounted in these ganged boxes. In 
these cases, the same limitations will apply as if they 
were individual boxes. 

Please refer to Figs. 95 through 98 for illustrations 
concerning this Section. 


Tables 370-6 will not be applicable. In such cases refer to 
Table 360-6 (b) from which the number of conductors that 
will be permitted in the box can be calculated. The various 
wire sizes and the space that will be allowed per conductor 
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COUNTS AS ONE 


EACH COUNTS FOR A 
TOTAL OF FOUR 


D WIRES TO FIXTURES 
DO NOT COUNT 


Fig. 95. Which wires to count in a junction box. 


COUNT AS GROUND WIRES 
TWO ONLY COUNT AS ONE 


CLAMP COUNTS 


ПРЕТИ ДСС uos 
С 


МУ 


УУ 
МАМ VOX PURA deren ste TION 


COUNT AS TWO 


FIXTURE WIRES 
DO NOT COUNT 


Fig. 96. Grounding wire counts as one. 
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FIXTURE STUD OR HICKEY 


COUNTS AS ONE SWITCH 


CONDUCTOR 


RECEPTACLE 


COUNTS AS ONE CONDUCTOR 
WHEN ON ONE STRAP 


Fig. 98. How to count devices in figuring fill. 


are given. It is only necessary to calculate the cubic space 
in the box, and multiply by the free space within the box 
for each conductor. If the calculation exceeds the cubic 
size of the box, the next larger box will have to be used 
or an extension added. 

The question concerning plaster rings and the effect that 
they have on the conductors permitted in the box is always 
arising. This is covered in the NEC. Although the plaster 
ring is meant for another purpose, almost every inspector 
will agree that extra space is provided by the plaster ring 
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and, based on the cubic inches that it adds, he requires 
allowances for this by use of a larger box in case more 
room be needed. The entire intent is not to crowd the 
conductors and cause failure of the insulation in so doing. 


370-7. Conductors Entering Boxes or Fittings—Care shall 
be exercised in protection of the conductors from abrasion 
where they enter the boxes or fittings. With conduit, this is 


1 BUSHING 


2 LOCKNUTS 


ARMORED CABLE 
CONNECTOR 


(ШШШ 


NM CABLE CLAMP 
OR BOX CLAMPS 


Fig. 99. Connection of cables and conduit to boxes. 


accomplished by bushings or other approved devices. With 
NM cable, as may be seen in Fig. 99, the outer covering of 
the cable should protrude from the clamp to provide this 
protection. With armored cable, fiber bushings are to be 
inserted between the conductors and the armor to prevent 
any abrasion. The following shall be complied with: 


(a) Openings to Be Closed. Openings through which 
conductors enter shall be adequately closed. Where 
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160 


single conductors enter the boxes, loom covering is to 
be provided; with cable, cable clamps shall be used or 
the boxes provided with built-in cable clamps; with con- 
duit, the locknuts and bushings will adequately close 
the openings. 


(b) Metal Boxes and Fittings. When metal boxes or 
fittings are used with open wiring, proper bushings 


Fig. 100. Open wiring into boxes. 


shall be used. In dry places, a flexible tubing may be 
used and extended from the last conductor support in- 
to the box and secured. See Fig. 100. 

Where a raceway or cable enters the box or fitting, 
the raceway or cable is to be properly secured to the box 
or fitting. With conduit, two locknuts and a bushing 
should be used. With armored cable, approved connec- 
tors shall be used. With NM cable, a connector or 
built-in clamps shall be used. 


(c) Nonmetallic Boxes. Where nonmetallic boxes are 
used with either concealed knob-and-tube work or open 
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wiring, the conductors shall pass through individual 
holes in the box. If flexible tubing is used over the con- 
ductor, it shall extend from the last conductor support 
into the hole in the box. 

Where nonmetallic cable is used, it shall extend. 
through the opening in the box. It is not required that 
individual conductors or cables be clamped if the indi- 
vidual conductors or cables are supported within 8 
inches of the box.When nonmetallic conduit is used with 
nonmetallic boxes, the conduit shall be connected to the 
box by approved means. 
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Spacing of Receptacles 


The spacing of receptacles in a residential occupancy is 
not very complicated once it is understood what is meant 
to be accomplished. This is very thoroughly covered in 
Section 210-24 to Section 210-25 (b) of the NEC. 


210-25 Receptacle Outlets Required. 


(b) Dwelling Unit. In every kitchen, family room, dining 
room, breakfast room, living room, parlor, library, den, sun 
room, bedroom, recreation room, or similar rooms, receptacle 
outlets shall be installed so that no point along the floor line 
in any wall space is more than 6 feet, measured horizontally, 
from an outlet in that space, including any wall space 2 feet 
or more in width and the wall space occupied by sliding 
panels in exterior walls. The wall space afforded by fixed 
room dividers, such as free-standing bar-type counters, shall 
be included in the 6-foot measurement. 

In kitchen and dining areas a receptacle outlet shall be 
installed at each counter space wider than 12 inches. Counter 
top spaces separated by range tops, refrigerators, or sinks 
shall be considered as separate counter top spaces. Recep- 
tacles rendered inaccessible by the installation of stationary 
appliances shall not be considered as these required outlets. 
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Receptacle outlets shall, insofar as practicable, be spaced 
equal distances apart. Receptacle outlets in floors shall not 
be counted as part of the required number of receptacle 
outlets unless located close to the wall. 

At least one wall receptacle outlet shall be installed in the 
bathroom adjacent to the basin location. 

For a one-family dwelling, at least one receptacle outlet 
shall be installed outdoors. 

. At least one receptacle outlet shall be installed in each 
basement and attached garage. | 

Outlets in other sections of the dwelling for special appli- 
ances, such as laundry equipment, shall be placed within 6 
feet of the intended location of the appliance. 

At least one receptacle outlet shall be installed for the 
laundry. 

Exception No. 1: In a dwelling unit that is an apartment 
or living area in a multifamily building where lanudry fa- 
cilities are provided on the premises that are available to all 
building occupants, a laundry receptacle shall not be 
required. 

Exception No. 2: In other than single-family dwellings 
where laundry facilities are not to be installed or permitted, 
a laundry receptacle shall not be required. 


As used in this Section a “wall space" shall be considered 
a wall unbroken along the floor line by doorways, fireplaces, 
and similar openings. Each wall space two or more feet 
wide shall be treated individually and separately from other 
wall spaces within the room. A wall space shall be per- 
mitted to include two or more walls of a room (around 
corners) where unbroken at the floor line. 

The purpose of this requirement is to minimize the use of 
cords across doorways, fireplaces, and similar openings. 
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The receptacle outlets required by this Section shall be in 
addition to any receptacle that is part of any lighting fixture 
or appliance, located within cabinets or cupboards, or 


located over 5% feet above the floor. 
This portion of the Code is concerned with the fact that, 


in most all cases, any electrical device to be plugged in shall 
be no more than 6 feet from any receptacle. For an example, 
refer to Fig. 101. 


INCLUDE 
IF 2 FT. 
OR MORE 


THIS IS 
INCLUDED 


IF NOT CLOSE TO WALL 
IT IS NOT INCLUDED 


Fig. 101. Proper wall receptacle spacing for residences. 


In bedrooms, for example, where there are closets with 
sliding doors, these doors do not count as wall space, but 
receptacles must be installed no more than 6 feet on either 
side of sliding doors. See Fig. 102. 

In laundry rooms, or where special appliances will be 
used, a receptacle is not to be more than 6 feet from the lo- 
cation where the laundry equipment or special appliance is 
to be plugged in. You might ask why so many receptacles? 
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These are really not an excessive number of receptacles if 
vou notice that appliances with cords attached have cords 
about 6 feet long. Thus, it is unnecessary to have long 
extension cords which can be a definite fire hazard when 


IF2FT ~: 
OR OVER ae 4% 
INSTALL RECEPTACLE É 


Fig. 102. Closets with sliding doors do not count as wall space. 


they are overloaded (which they often are). Many owners 
will ask for more receptacles than are required as a minimum 
by the NEC, and certainly it is your obligation to install as 
many receptacles over and above the minimum require- 
ments as they desire. 

The height for installing switches and receptacles in a 
residence will vary with the desires of the owner or builder, 
and their desires should be followed. However, the normal 
height above the floor is 12" to the center of a receptacle. 
Where kitchen receptacles are above counters (and most 
counters in kitchens have a height of 3 feet) the receptacle 
must be mounted above this height, so 42" to the center 
of the receptacle is considered as a standard height of mount- 
ing. 

A common height for switches is 54” to their centers, and 
again this will vary with the location and desire of the 
owner, but this is a practical height for a rule-of-thumb 
location. 
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Mobile Homes 


A mobile home is actually a residence, but because of 
its mobility the structure has to be different from a regular 
residential dwelling. The definition in Section 550-2 defines 
a mobile home as: 

A factory-assembled structure or structures equipped with 
the necessary service connections and made so as to be 
readily moveable as a unit or units on its own running 
gear and designed to be used as a dwelling unit(s) without 
a permanent foundation. 

The phrase “without a permanent foundation” indi- 
cates that the support system is constructed with the 
intent that the mobile home placed thereon will be 
moved from time to time at the convenience of the 
owner. 

The nature of the construction of a mobile home requires 
some deviations from the wiring of a permanent residence. 
From the NEC definition, it would appear that when 
mounted on a foundation, this home would then cease to 
be a mobile home, and it is entirely possible that inspec- 
tion authorities might classify it as a modular or prefabri- 
cated home and subject to the same wiring requirements 
and regulations as any other residence. 

Due to its portability, and its being mounted on a chassis 
and running gear, there are requirements which must be 
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different from those for wiring in a permanent residence. 
This is not to imply that safety can be overlooked, es- 
pecially since many mobile homes have metal siding which 
might become electrically energized. It might be stated that 
extra safety precautions should be taken in wiring a mobile 
home. Also, the fact that it has to be transported on wheels 


to a site location must not be overlooked. 
3 . 
UNDERWRITERS LABORATORIES, Inc., has a labeling and 


inspection service for mobile homes which, I am sure, would 
be acceptable to most inspection authorities. Where the 
homes are not UL approved and labeled, then the local in- 
spection authority in many cases will want to inspect the 
wiring during and after completion. 

Some of the differences between the wiring of mobile 
homes and the standard residence will be covered here. The 
subject will not be covered in its entirety, so reference to 
the current NationaL ErrcrRICAL Cope will be necessarv 
for specific details. Points not covered in Article 550 of the 
NEC will be subject to the provisions of the NEC as covered 
in the wiring of a regular residence. 


k j MOBILE HOME 


FEEDER PANEL WITH A MAIN, 
METER AN INSULATED NEUTRAL BUS, 


E) AND A GROUNDED BUS FOR 
APPROVED SE EQUIPMENT 
FOR MOBILE HOMES GROUND ING CONDUCTORS N 


| : 


CHASSIS SHALL BE GROUNDED TO | 
GROUNDING TERMINAL BAR OR BUS E 


| = 
AIV HUHU У УУ УУ У УУ УУ УУ МИ УЉУ УУ 
COMMON OR FEEDER CABLE APPROVED FOR MOBILE HOMES MUST 


SERVICE GROUND CONTAIN A GREEN GROUNDING CONDUCTOR, A NEUTRAL, 
AND THE UNGROUNDED CONDUCTORS 


Fig. 103. Pole-mounted service-entrance equipment for mobile home use with the 
feeder cable above ground. 
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The mobile home service equipment shall be located ad- 
jacent to the mobile home, and not in or on the mobile home. 
The power supply to the mobile home will be feeder circuits 


MOBILE HOME 


SERVICE 
EQUIPMENT 


" UTILITY GROUND = SE OR COMMON GROUND 


SERVICE 
LATERAL 


Fig. 104. Underground service lateral for use with a mobile home. 


MOBILE HOME 


COMMON GROUND 


FEEDER-CIRCUIT CABLE MUST CONTAIN 
A NEUTRAL A GROUND ING CONDUCTOR, 
AND TWO UNGROUNDED CONDUCTORS 


Fig. 105. Pole-mounted service-entrance equipment for mobile home use with the 
feeder cable buried. 


consisting of not more than three 50-ашреге mobile home 
supply cords, or by a permanently installed circuit. 

Refer to Figs. 103, 104, 105, and 106 for various methods 
of installing the service and feeders to the mobile home. 
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Please note the feeder panel is shown mounted on the 
exterior of the mobile home. This is merely to clarify the 
intent of the drawings. Usually it is mounted in the interior. 


FEEDER-CIRCUIT CABLE TO 
CONTAIN A GROUNDING 
CONDUCTOR, A NEUTRAL, AND 
UNGROUNDED CONDUCTORS 


SERVICE EQUIPMENT 


TALIA YYY SYS, 


w COMMON GROUND 
Fig. 106. An overhead feeder-cable installation to supply power to a mobile home. 


EQUIPMENT GROUNDING BUS 
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GROUNDING BUS 
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Fig. 107. Feeder-panel connections for a mobile home fed by two 50-атреге 
supply cords, 


Each feeder panel fed by a cord shall not be electrically 
interconnected to other feeder panels fed by a cord. That 
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is, these shall not be electrically interconnected on either 
the line or load sides, except that the grounding circuits and 
grounding means shall be electrically interconnected. Fig. 
107 illustrates a mobile home fed by two 50-ampere cords. 
Three cords were not used in order to simplify the illustra- 
tion, but the same conditions would also apply if a third 
supply cord where to be used. 

If cord feeders are not used, but a permanent connec- 
tion is made instead, such as illustrated in Figs. 105 and 
106, one feeder could supply and one panel would suffice. 
All panels are to have main disconnects with overcurrent 
protection. 

Range and dryer frames are not permitted to be connected 
to the neutral as allowed in Section 250-60, but are required 
to have a fourth equipment grounding conductor supplied, 
which may be bare or green insulated and connected to the 
frame, with the neutral isolated and the bonding terminal 
usually supplied with ranges and dryers to be discarded. 

Mobile home supply cords shall not be more than 36% feet 
in length, nor less than 21 feet. 


2X4 


DRILL IN CENTER 
AND NO STEEL PROTECTION 
1S REQUIRED. 


Fig. 108. Methods of protecting mobile home wiring. 
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Because studs as small as 14" are often used in mobile 
home construction, 16 gauge steel protection will be required 
to protect the wiring from nails, staples, etc. NM cable is 
usually used in the wiring of these homes, and could be very 
easily penetrated by a nail or staple on these small studs. If 
standard 2" x 4" studs are used, and are drilled in the center, 
this steel protection will not be required. See Fig. 108. 

One very important item is the receptacle and switch box 
sizes. Because small joists are often used, it is hard in many 
cases to get boxes with the cubic content necessary to meet 
the fill requirements of Article 370. This Article must either 
be followed or boxes approved for the purpose used. 

Section 550-9 concerning grounding will be quoted from 
the 1978 NEC. 

Section 550-9. Grounding. 


Grounding of both electrical and nonelectrical metal parts 
in a mobile home is through connection to a grounding bus 
in the mobile home distribution panel. The grounding bus is 
grounded through the green-colored conductor in the supply 
cord or the feeder wiring to the service ground in the serv- 
ice-entrance equipment located adjacent to the mobile home 
location. Neither the frame of the mobile home nor the 
frame of any appliances may be connected to the neutral 
conductor in the mobile home. 


(a) Insulated Neutral. 


(1) The grounded circuit conductor (neutral) shall be 
insulated from the grounding conductors and from the 
equipment enclosures and other grounded parts. The 
grounded (neutral) circuit terminals in the distribution panel 
and in ranges, clothes dryers, counter-mounted cooking units 
and. wall-mounted ovens shall be insulated from the equip- 
ment enclosure. Bonding screws, straps, or buses in the dis- 
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tribution panel or in appliances are to be removed and dis- 
carded. 

(2) Connection of ranges and clothes dryers with 115/230- 
volt, 3-wire ratings shall be made with 4 conductor cord and 
3-pole, 4-wire grounding-type plugs, or by Type AC cable or 
conductors enclosed in flexible metal conduit. 

(b) Equipment Grounding Means. 


(1) The green-colored insulated grounding wire in the 
supply cord or permanent feeder wiring shall be connected 
to the grounding bus in the distribution panel or disconnect- 
ing means. 

(2) In the electrical system, all exposed metal parts, en- 
closures, frames, lamp fixture canopies, etc., shall be effec- 
tively bonded to the grounding terminal or enclosure of the 
distribution panel. 

(3) Cord-connected appliances, such as washing ma- 
chines, clothes dryers, refrigerators, and the electrical sys- 
tem of gas ranges, etc., shall be grounded by means of a 
cord with grounding conductor and grounding type attach- 
ment plug. 


(c) Bonding of Noncurrent-Carrying Metal Parts. 

(1) All exposed noncurrent-carrying metal parts that may 
become energized shall be effectively bonded to the ground- 
ing terminal or enclosure of the distribution panelboard. A 
bonding conductor shall be connected between the distri- 
bution panelboard and an accessible terminal on the chassis. 

(2) Grounding terminals shall be of the solderless type 
and approved as pressure-terminal connectors recognized 
for the wire size used. The bonding conductor shall be solid 
or stranded, insulated or bare, and shall be No. 8 copper 
minimum, or equal. The bonding conductor. shall be routed 
so as not to be exposed to physical damage. 
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(3) Metallic gas, water, and waste pipes and metallic air 
circulating ducts shall be considered bonded if they are con- 
nected to the terminal on the chassis (see Section 550-9) 
(c)(1)) by clamps, solderless connectors, or by suitable 
grounding-type straps. 

(4) Any metallic roof and exterior covering shall be con- 
sidered bonded if (a) the metal panels overlap one another 
and are securely attached to the wood or metal frame parts 
by metallic fasteners, and (b) if the lower panel of the 
metallic exterior covering is secured by metallic fasteners at 
a cross member of the chassis by two metal straps per mobile 
home unit or section at opposite ends. 

The bonding strap material shall be a minimum of 4 
inches in width of material equivalent to the skin or a 
material of equal or better electrical conductivity. The straps 
shall be fastened with paint-penetrating fittings, such as 
screws and starwashers or equivalent. 


550-10. Testing. 

(a) Dielectric Strength Test. The wiring of each mobile 
home shall be subjected to а 1-minute, 900-volt, dielectric 
strength test (with all switches closed) between live parts 
(including neutral) and the mobile home ground. Alterna- 
tively, the test shall be permitted to be performed at 1,080 
volts for 1 second. This test shall be performed after branch 
circuits are complete and after fixtures or appliances are in- 
stalled. 

Exception: Fixtures or appliances which are approved 
shall not be required to withstand the dielectric strength 
test. 

Another important part of the Code concerning mobile 
homes is Section 550-10. This concerns testing. It is highly 
recommended that this test be run at the completion of 
the wiring of each mobile home, and it is further recom- 
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mended that it also be run when the mobile home is de- 
livered to the site and also after each moving. Notice that 
this is not a Code requirement (to test at each site), but it 
would certainly be a step toward better safety. 

Each receptacle should be checked for proper polarity 
and equipment ground continuity. In checking mobile wir- 
ing, it was found that the majority of rejects were due to im- 
proper grounding or polarities. Rechecks of inspections are 
time consuming and expensive to both the manufacturer and 
the inspection authority. 
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Wiring For Electric 
House Heating 


Electric heating is fast being accepted as the method of 
heating homes. Since this is the case, this subject should be 
covered. The secret of good economical house heating by 
means of electricity lies in following certain tried and true 
methods of installing insulation and vapor barriers in an 
accepted manner. The figuring of a house heating system 
is another subject—if you are not fully qualified on this 
subject consult your local utility company since they have 
qualified engineers for advice and calculations. They are 
interested in low-cost heating -and will lay out the job on 
the most economical basis. It has been known that (in the 
past) some utility companies have supplied the materials 
at slightly below cost in order to increase their consumer 
listing. 

When I started in the utility part of the electrical field, 
the peak loads came mostly in December. This has changed 
and summer loads, have in most cases, become the peak 
loads due to irrigation and air conditioning. Thus, they are 
interested in adding winter loads. Feel free to call on them. 

The insulation that you will use is vital. Many electrical 
contractors that install heating also install insulation and 
in doing so save themselves many problems that might arise 
due to an improperly insulated home. This would cause 
high electric bills, which are entirely unnecessary. The in- 
sulating factor and the thickness of the insulation play an 
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important part in the cost of heating. With a well insulated 
home, the humidity will rise which adds to their home 
comfort in the winter. With the higher humidity, a vapor- 
barrier must be installed between the insulation and the 
drywall or lathe and plaster, as moisture will cut the effi- 
ciency of the insulation. 

It might be well to consider a humidistat control sys- 
tem to keep the humidty at the proper level. This would be 
especially true in damp climates. The major heat losses are 
through windows, doors, and ceilings, so attention must 
be made to these items. The construction of the house has 
no place in this book, but is mentioned in order that you 
might fulfill your job well. 

There are many types of electrical heating systems, such 
as: 


Ceiling heat cables, 

Central heating systems, 

3. Baseboard heating, which may be conventional re- 
sistive heating units, or baseboard water-type heat- 
ing units, 

4. Heating panels, 

5. Unit heaters, 

6. Heat pumps. 


Por 


A portion of the material used here will be taken from 


Audels Guide to the 1978 National Electric Code, which 


is an interpretation of the National Electrical Code re- 
quirements. 


For the sizing of overcurrent devices and branch-circuit 
conductors for electrical space-heating (fixed) they should 
be calculated on the basis of 125% of the total load of the 
heaters and motors (if equipped with motors) and 125% of 
the total load of the heaters, if not equipped with motors. 
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Example: If a heating circuit draws 14-amperes full 
load, the circuit conductors and the overcurrent devices 
will have to be sized to a minimum of 125% of 14-am- 
peres, or 174-amperes. So a 20-ampere breaker or fuses 
will be required and No. 12 copper conductors or No. 10 
aluminum or copper-clad aluminum conductors will be 
required. 


Usually each room has its own thermostatic control. 
Some thermostats have an “OFF” position and some do 
not. Where there is an "OFF" position, the thermostat switch 
must break all hot conductors (not the neutral) simultan- 
eously. See Fig. 109. 


240V SUPPLY 


HEATER OR 
HEATING CABLES 


/ 
THERMOSTAT WITH 
"OFF" POSITION 


Fig. 109. A thermostat with an "off^ position shall disconnect all hot supply lines. 


A very common method of heating homes is by means of 
ceiling heat cable. This is a very effective means of heating 
(and quite trouble free) if installed properly. One might 
ask: What happens if a cable opens after the installation 
has been in operation for some time? There are "open ca- 
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ble” locating equipment available and the ceiling may be 
opened at that point and repairs made. But, be sure that 
the proper equipment is used in making the repairs. Fig. 
110 illustrates ceiling heat cable construction. Note the 7 ft. 


HEATING CABLE NONHEATING.LEAD 
А. = 
| DO NOT 
SHORTEN 


Lan „гы 


Fig. 110. Nonheating leads shall be a minimum of 7 feet. 


of nonheating leads. These SHALL NOT BE SHORT- 
ENED-the ends have the markings required by the NEC 
and UL laboratories. The heat cable may be identified by 
the markings at the ends of the nonheating leads and by 
the color. Be sure that the cables used carry the UL listing 
mark: 


120- volt nominal voltage ...........—. Yellow 
208- volt nominal voltage ...................................—.... Blue 
240- volt nominal уоарве 1 Red 


There are other colors for other voltages, but these are 


the voltages which you find in homes. See the Audels Guide 
to the 1978 NEC. 


424-38. Area Restrictions. 2 

(a) Heating cables and. panels shall not extend beyond 
the room or area in which they originate. See Fig. 111. 

(b) Cables and. panels shall not be installed in closeis, 
over walls or partitions that extend to the ceiling, or over 
cabinets whose clearance from the ceiling is less than the 
minimum horizontal dimension of the cabinet to the nearest 
cabinet edge that is open to the room or area. 
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Exception: Isolated runs of cable may pass over partitions 
where they are embedded. 


CABLES NOT PERMITTED NONHEATING | 
IN CLOSETS LEADS START 3" BACK 


CABLES NOT PERMITTED TO 
PASS OVER WALLS OR 
PARTITIONS OR OVER 
CABINETS WHICH EXTEND 
TO CEILINGS 


Fig. 117. Illustration showing where heating cables may and may not be installed in 
the ceilings. 


(c) There are climates where humidity control is re- 
quired in closets, but the prohibition of cables in closets is 
not intended to prohibit the use of low-temperature humid- 
ity controls in closets. See Fig. 111. 


424-39. Clearance from Other Objects and Openings— 
Panels and cables shall be separated at least 8 inches from 
the edge of outlet boxes and junction boxes that are to 
be used for mounting surface lighting fixtures and their 
trims, ventilation openings and other such openings in 
room surfaces. Sufficient area shall be provided to assure 
that no heating cable or panel will be covered by other 
surface mounted lighting units. The temperature limits and 
overheating of the cables are involved in this instance. 
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Therefore, the requirements of this Section should be very 
carefully followed and, if in doubt, a little extra clearance 
should be given. See Fig. 112. 


CEILING HEAT CABLE 


а 


Fig. 112. Clear metal heating cable from metal objects by а minimum of 8 inches. 


424-40. Splices—Splicing of cables is prohibited except 
where necessary due to breaks. Even then the length of the 
cable should not be altered as this will change the charac- 
teristics of the cable and the heat. It will be necessary to 


occasionally splice a break, but only approved methods shall 
be used. 


424-41. Installation of Heating Cables on Dry Board, in 
Plaster and on concrete ceilings— 

(a) Heating cable shall not be installed in walls. It is 
not designed for this purpose and is strictly forbidden, with 
the exception that isolated runs of cable may be run down 
a vertical surface to reach a drop ceiling. 
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(b) Adjacent runs of heating cable shall be spaced not 
closer than 1% inches on centers and have wattage not to 
exceed 2% watts per square foot. See Fig. 113. 


Fig. 113. Heating cable installed in ceil- 
ings shall be spaced at least 11/2 inches 
apart. 


2-3/4 WATTS PER FOOT MAXIMUM 


(c) Heating cables shall be applied only to gypsum 
board, plaster lath, or similar fire-resistant materials. If ap- 
plied to the surface of metal lath or any other conducting 
material, there shall be a coat of plaster commonly known 
as a brown or scratch coat applied before the cable is in- 
stalled. This coating of plaster shall entirely cover the metal 
lath or conducting surface. See Section 424-41(f). 

(d) All the heating cables, the splice between the heat- 
ing cable and nonheating leads, and 3 inch minimum of 
nonheating lead at the splice shall be embedded in plaster or 
dry board in the same manner as the heating cable. See Fig. 
111. 

(e) On plastered ceilings, the entire surface shall have 
a finish coat of thermally noninsulating sand plaster or 

om COAT 


PLASTER FINISH COAT OF THERMAL CONDUCTING PLASTER, 
NORMAL THICKNESS 1/2" 


Fig. 114. Heating cable installed in plaster ceiling. 


other approved coating which shall have a nominal thick- 
ness of X inch. Insulation (thermal) plaster shall not be 
used. See Fig. 114. 
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(f) The cable shall be fastened at intervals not to exceed 
16 inches by means of taping, stapling, or plaster. Staples 
or metal fasteners which straddle the cable shall not be 
used with metal lath or other conducting surfaces. The 
fastening devices shall be of an approved type. 

(g) When dry board ceilings are used, the cable shall be 
installed and the entire ceiling below the cable shall be 
covered with gypsum board not exceeding X inch in thick- 
ness, but voids between the two layers and around the 
cable shall be filled with a conducting plaster or other ap- 
proved thermal conducting material so that the heat will 
readily transfer. See Fig. 115. 


APPROVED THERMAL 
DRYWALL CONDUCTING 
MATERIAL 
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NOT TO EXCEED 1/2" IN THICKNESS 
Fig. 115. Heating cable installed in drywall ceiling. 


(h) Heating cables shall not come in contact with metal 
or other conducting materials. 

(i) In dry board applications, cable shall be installed 
parallel to the joist, leaving a clear space centered under the 
joist of 2% inches (width) between centers of adjacent runs 
of cables. Crossing of joist by cable shall be kept at a 
minimum and should be at the ends of the room. Surface 
layer of gypsum board shall be mounted so that nails or 
other fastenings do not pierce the heating cable. 


424-42. Finished Ceilings—The question often arises as 
to whether wallpaper or paint can be used over a ceiling 
that has heating cable. These materials have been used as 
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finishes over heating cable since cables were first used in 
the late 1940’s. This Section gives formal recognition to 
painting or papering ceilings. 


424-43. Installation of Nonheating Leads of Cables and 
Panels— 

(a) Only approved wiring methods shall be used for in- 
stalling the nonheating leads of cables or panels from junc- 
tion boxes to the underside of the ceiling. In these installa- 
tions, single leads in raceways (conductors) or single- or 
multi-conductors Type UF, Type NMC, Type MI or other 
approved conductors shall be used. Please note the absence 
of Type NM. 

(b) Where nonheating leads terminate in a junction box, 
there shall not be less than 6 inches of the nonheating leads 
free within the junction box. Also, the markings of the 
leads shall be visible in the junction box. This is highly im- 
portant so that the heating cable can be identified. Fig. 116. 


NONHEATING LEAD 


Fig. 116. Installing nonheating leads in 
a junction box. 


(c) Excess leads shall not be cut but shall be secured to 
the underside of the ceiling and embedded in plaster or 
other approved material, leaving only a length sufficient 
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to reach the junction box with not less than 6 inches of free 
lead within the box. See Fig. 116. 


424-44, Installation of Panels or Cables in Concrete or 
Poured Masonry Floors—This Section is for fixed indoor 
space heating and is not to be confused with ice and snow 
melting. 

(a) Panels or heating units shall not exceed 33 watts per 
square foot of heated area or 16% watts per linear foot of 
cable. 

(b) The spacing between adjacent runs of cable shall not 
be less than 1 inch on centers. 

(c) Cables have to be secured in place while concrete or 
other finish material is being applied. Approved means, 
such as nonmetallic spreaders of frames, shall be used. Con- 
crete floors often have expansion joints in them. Cables, 
units, and panels shall be so installed that they do not 
bridge an expansion joint unless they are protected so as 
to prevent damage to the cables, units, or panels due to ex- 
pansion or contraction of the floor. 

(d) Spacings shall be maintained between the heating 
cable and metal embedded in the floor. 

Exception: Grounded metal-clad cable may be in contact 
SLEEVE IN 


CONDUIT 
OUT OF CONCRETE 


МОМНЕАТ NG 


JUNCTION OF HEATING AND INSULATED 
NONHEATING LEAD BUSHING 


Fig. 117. Sleeving nonheating leads out of concrete. 
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with metal embedded in the floor. This included MI heat- 
ing cable which is being extensively used. 

(e) Sleeving of the leads by means of conduit or EMT 
shall be used for protection where the leads leave the floor. 
See Fig. 117. : 

(f) The sleeves mentioned in (e) shall have bushings or 
other approved means used where the leads enter or emerge 
from the floor slab to prevent damage to the cable. 

Wiring above heated ceilings shall be located not less 
than 2 inches above the ceiling and if it is in thermal in- 
sulation at this height, it shall be considered as being op- 
erating at 50°C and no special protection is required. See 
Fig. 118. 


2" MINIMUM 


HEATED CEILING 


Fig. 118. Conductors shall not be less than 2 inches above heated ceiling. 


Personally I would prefer to go above the insulation with 
the wiring, or at least to the top of the 2 X 40r 2 X 6 
ceiling joists. When ready to install heat cable, draw the 
room out to scale on paper, get the footage of the cable to 
be installed and lay it out on the drawing so you can evenly 
space the cable to use all of it. Then lay out the drawing 
on the ceiling with a chalk-line. 
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Summary _ 


A summary of what has been covered in the rest of this 
book might prove to be helpful. In Chapter 2, the Basis FOR 
LOAD CALCULATIONS was covered and in Chapter 3, the ac- 
TUAL CALCULATIONS FOR DWELLINGS was covered. Fig. 119 
shows a typical layout for wiring a home which is shown as 
Fig. 6A in Chapter 2. These drawings will be used in this 
summary as well as the load calculations which were cov- 
ered in Chapter 2 of this book. Not only will the minimum 
Code requirements be used, but there will also be sugges- 
tions for a more adequate wiring job and additions in the 
future for additional usage. 

The first important consideration is where to locate the 
service entrance equipment. There are several items which 
will enter into making a decision: 

1. The NEC in Section 230-72(c), states: 

(c) Location. The disconnecting means shall be located 
at a readily accessible point nearest the entrance of the 
conductors, either inside or outside the building or struc- 
ture. Sufficient access and working space shall be provided 
about the disconnecting means. 

This is short but very meaningful. What is the closest 
point of entrance? Many inspection authorities consider 
15 ft. as a maximum. This, however, varies. Why the prob- 
lem? The service entrance conductors are without over- 
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Fig. 119. Service entrance location. 
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current protection until they arrive at the main disconnect, 
thus, the length of unprotected conductors must be kept to 
a minimum for fire and safety protection. 

2. A utility must supply service to the residence, there- 
fore they must be considered as to where power lines are lo- 
cated, etc. Thus, one must consult with the utility serving, 
as to location. If supplied by a service lateral (underground 
service), the problem eases to quite a degree. The service 
equipment is at a very good point, if the utility can serve 
from the point as shown in Fig. 119. 

Take a look at. Fig. 120. Here the utility line is at the 
end of the home, which leaves us with several alternatives: 

1. The main disconnect and overcurrent device may be 
located at the end of the house, on the outside in a raintight 
enclosure (RO) and a feeder circuit (3-wire with equip- 
ment grounding conductor) run to the branch circuit panel 
ЗА 

2. A service lateral may be run as shown by the dotted or 
dashed lines in Fig. 120. 

These, of course, are not all of the answers, as each case 
must stand on its own merits, taking into consideration all 
the points that shall be met. 


a. Closest point of entrance, either inside or outside the 
building. 

b. Readily accessible. Do not place the service equip- 
ment over a washer or dryer, etc., near combustibles, 
such as in a closet, in a bathroom or bedroom, or too 
high. 

c. The disconnecting means is for easy access in the case 
of emergencies. 


One thing should be uppermost in the mind of anyone 
wiring a home, and that is, most people spend the greater 
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Fig. 120. Two methods of installing service when the utility pole location does not 


fit equipment location. 
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part of their working life making payments on a home so 
safety and adequate wiring should be in the mind of every 
electrician when planning the wiring and in the workman- 
ship used. 

What size shall the service be? In Calculations No. 2 and 
No. 3 (in Chapter 3) we stated the service should be 100 
ampere. Remember that this is the minimum requirement. 
The author, from experience, recommends larger than 100 
ampere service (minimum). With the added useages of 
electricity, we will no doubt overload the 100 ampere 
service in the future. Plan now to increase the size of the 
service to a 150 ampere or even in some cases to a 200 
ampere service. The added cost is nominal but the cost of 
increasing the size of the service later will be materially 
greater. To be competitive on bids, there is nothing to keep 
you from making a bid on the 100-ampere service and then 
make an alternate bid for 150 or 200 ampere service and 
then do a little selling. 

Going back to Calculation No. 1, we found that 6- 15 
ampere circuits would be required (minimum) for the gen- 
eral lighting load plus a minimum of 2- 20 ampere circuits 
for the small appliance load and 1- 20 ampere circuit 
for the laundry circuit; a 35 ampere (two pole) circuit for 
the range and a 40 ampere (two pole) circuit for the 


dryer. 


6- 15 ampere circuits 
3- 20 ampere circuits 
2- 35 ampere circuits ( figuring 2 poles) 
2- 40 ampere circuits (figuring 2 poles) 


13 circuits minimum 


There should also be a few spares for future additions. 
Standard branch-circuit panels come in the following sizes: 


190 


SUMMARY 


Number of Single poles 


40 

42 

The minimum size to be used would be a 16 pole panel. 
When purchasing the panel, you need not purchase it 
with breakers to fill all spaces. Look to the future since the 
base price of the enclosure is a very small part of the total 
wiring cost, but an addition later will be very costly. Boost 
your sights and purchase a larger enclosure and thus plan 
for the future. The installation of the panel readily fit be- 
tween 16 inches on center studs—secure it solidly and bring 
it out flush with the finished wall surface. It is easy to in- 
stall all of the cables or raceways during the rough-in since 
the walls are open. After the wall is finished, it will be 
hard to fish in additional circuits. Install a 14 inch or 1% 
inch conduit or EMT into the attic area and also into the 
basement area, to facilitate installing any additional cir- 
cuits that will most certainly be added in the future. See 
Fig. 121. 

It is sometimes impossible to install the conduit into the 
basement area. In this case, drill the future holes through 
the plate, etc., and install lengths of single insulated con- 
ductors to be used as fish wires for future circuits. 

It is amazing how often the inspector hears of a new 
home owner that has had his house wired only to the mini- 
mum Code requirements. The new home owner tells him of 
additional circuits that he wishes to add but finds it prac- 
tically impossible to make these additions and meet Code 
requirements. 
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SPARE 
RACEWAY 


RACEWAY 


Fig. 121. Spare raceways for future branch circuits. 


Bonding and grounding of services was previously covered 
rather thoroughly in Chapter 5. These have the highest 
priority. Grounding bars for equipment grounding conduc- 
tors are available for installation in panels or the enclosures 
may be purchased with grounding bars installed. See Fig. 
122. Review Chapter 5 on services for additional informa- 
tion on service installation and grounding. 

The difference between feeder panels and service entrance 
panels with branch-circuit overcurrent devices in the serv- 
ice entrance equipment, should be covered. Quoting the 
definition of a feeder as it is defined in Article 100 of the 
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NEC: Feeder. A feeder is the circuit conductors between 
the service equipment; or the generator switchboard or an 
isolated plant, and the branch-circuit overcurrent device. 

Most dwellings have the branch-circuit overcurrent de- 
vices in the service equipmént enclosure as would be the 
case in Fig. 119. Then in Fig. 120, we have the service 


equipment outdoors at the end of the house, so the con- 
ductors to the feeder panel will be feeders and consist of 
2- phase conductors; 1- neutral conductor and 1- green or 
bare equipment grounding conductor, sized according to 
Table 250-95 of the NEC and also appears on page 85 of 


this book. 
BLACK RED 


GREEN OR BARE EQUIPMENT 
GROUNDING CONDUCTOR 


өөөөөөөөөвөөө 


SERVICE ENTRANCE PANEL 


N NEUTRAL BUS ELECTRICALLY 
CONNECTED TO ENCLOSURE 


Fig. 122. Equipment Grounding Conductor in a Service Equipment Panel. 


193 


SUMMARY 
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BLACK RED WHITE BARE 


FEEDER PANEL 
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9 
V 
Ө 
Ө 
© 
@ 
S 


NEUTRAL BUS ELECTRICALLY 
ISOLATED FROM PANEL 


Fig. 123. Feeder pane! connections. 


Another instance where we could find a feeder is in a 
large home with the service equipment and branch-circuit 
breakers in one enclosure, but using a large ampacity 
breaker to feed a second branch-circuit panel somewhere 
else about the house. 
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Your attention is called to Fig. 122, which shows the 
neutral bus electrically connected to the enclosure. This 
is required in service entrance panels. On feeder panels, we 
isolate the neutral bus from the enclosure and the green or 
bare equipment grounding conductor of the feeder (which 
was just covered) is grounded to the feeder panel enclo- 
sure and all branch-circuit equipment grounding conduc- 
tors are brought to a grounding strap used for this purpose. 
See Fig. 123. 


NUMBER OF OUTLETS PER CIRCUIT 


This is a controversial subject, but need not be so. Let 
us look at what the NEC has to say about it: 

The note with Table 220-2(b), tells us about receptacles 
in single- and multi-family dwellings and further tells us to 
refer to Section 220-3(b). 

Definitions tell us, A receptacle is a contact device in- 
stalled at the outlet for connection of a single attachment 
plug. It defines a multiple receptacle as a single device 
containing two or more receptacles. From this, when we 
figure outlets for small appliance circuits, we must con- 
sider a duplex receptacle as two outlets and use 180 VA 
per outlet. A 180 VA may be broken down into amperes: 
180 VA 
120 V 
cuit may have 13 outlets or 6 duplex receptacles. 

Take a long look at the minimum of two circuits for 
small appliances and consider adding more than the two 
circuits even though two looks like enough. In this 
line of thinking, refer to Fig. 124, you will observe wiring 
circuits No's. 7 and 13 have been run into the kitchen with 
No. 13 having one duplex receptacle in the dining room, 
but there is also circuit No. 8 in the dining room. 


= L5 amperes per outlet. A small appliance cir- 
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Looking at Fig. 125, you will notice the room with 4 
lights is not indicated as what it is to be used for. It might 
be a bedroom and if so the receptacle outlets are ade- 
quate, but if it is a family room or recreation room then the 
receptacle in the closet must be put on a lighting circuit, 
as it would not be a small appliance receptacle. 

In Fig. 124, you will notice 2 weatherproof receptacles, 
one by the front door and one by the rear door of the 
home. Effective January 1, 1973 these will be required to 
have ground-fault circuit-interupters on these circuits since 
they are outdoor receptacles. They could both be put on 
the same circuit. GFIC’s are also required for bathroom 
receptacles. 


There has been much progress made in ground-fault 
circuit-interupters. For instance, one company now has a 
combination interupter and breaker which replaces the or- 
dinary breaker in a panel. There may be other outlets on 
the interupter besides the outlets that are required by the 
Code to have an interupter. 

In Fig. 125, we see a central air conditioner on circuit 
No. 19. This may not be installed—the customer may wish 
to have wall or window air conditioning. If this should be 
the case, circuit No. 19 could be eliminated and a 120- or 
240-volt receptacle circuit run to the location where the wall 
or window air conditioners will be installed. If the circuit or 
circuits are for air conditioning only, the circuit may be 
loaded to 80% of its ampacity, but if other loads, such as 
lighting are on these circuits the air conditioner may only 
load the circuit to 50%. 

In this summary, nonmetallic sheathed cable will be the 
principal wiring method shown, as the majority of homes 
are wired with NM cable. In most instances, wiring with 
rigid metal conduit or electrical metallic tubing will be very 
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Fig. 124. Circuiting of a house. 
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NON EXCAVATED 
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Fig. 125. Lower level circuiting of a house. 
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similar except for the mechanics of installation and that 
conductors are pulled in after the raceway is installed. 


2W-CABLE 3W-CABLE 2W-CABLE 
WITH ; WITH WITH 
GROUND : GROUND GROUND 


ВЕ кл SWITCH Ue 3-WAY | 
RED 


NES X m 
TU е ми. 
BULB 
LIGHTS 
GREEN OR BARE GROUND 
ч, =, w, 


2W 3W 2W 


DOES NOT 
LIGHT 


Fig. 126. Three-way switch connections. 


Circuits 


Three-way and four-way switches seem to cause a little 
trouble in their connections. Three-way switches are used 
for turning lights on or off from two places. Three-way and 
four-way switches are used for turning lights off or on from 
three or more points. See Figs. 126 and 127. 

Referring to Fig. 127, if more than three switching points 
are required, merely add the extra switches (four-way) in 
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Fig. 127. Two 3-way and опе 4-way switch circuit. 
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the circuit between the two three-way switches. Often the 
switching of lighting at the garage, is to be done from either 
the house or the garage. Plus sometimes a hot receptacle 
may be required in the garage. This connection requires a 
little more effort, so Fig. 128 is included as a schematic for 
such a connection. 


5-CONDUCTORS - EITHER OVERHEAD OR UNDERGROUND 
4 


GARAGE SWITCH 
RECEPTACLE 


NEUTRAL 


EQUI PMENT GROUNDING CONDUCTOR 
(GREEN OR BARE) TO GROUND, BOXES, ETC. 


Fig. 128. Three-way switch circuit for garage. 


The fifth conductor (equipment grounding conductor) 
may be eliminated by installing a fuse or breaker-box in 
the garage for the receptacle(s) circuit. A made electrode 
is driven in the ground at the garage for the common 
grounding conductor and connected to both the neutral bus 
of the overcurrent device in the garage and the breaker 
enclosure. See Fig. 129. 


LOW-VOLTAGE CONTROL WIRING (LV) 


Switching of lighting may be done by means of low-volt- 
age controls. This is a very practical means of switching 
lights on or off. It is simple to install and three-way or four- 
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OVERCURRENT DEVICE IN GARAGE 


HOT FROM HOUSE a 


ENCLOSURE 


2 ф29 


YA NGS (E ESTE PAN DAS 


PR М >. 
== GROUNDING к= 


Fig. 129. installing, a breaker-box in garage. 


RECEPTACLE 


NEUTRAL FROM HOUSE 


way switches are not required when you wish to switch a 
circuit from more than one point. One very important pur- 
pose in low-voltage wiring is to control most of, or all of, 
the lights in the home from one common point, such as the 
master bedroom. Yard lighting may also be controlled by 
this means. A step-down transformer from 120-volts to 24- 
volts is designed for this purpose. The transformers are 
usually designed for about 125 VA capacity and are often 
mounted in the furnace room or attic. 

The conductors usually consist of a 3-conductor low- 
voltage cable, flat, with one outside conductor ribbed for 
identification. See Fig. 130. These low-voltage cables need 
not be installed in conduit, but may be stapled as you would 
bell wire. Figs. 131, 132, 133 and 134 will illustrate the con- 
nections involved. Fig. 131 shows just one light and one 
switch. Fig. 132 shows two or more switches and one light. 


RIB 
Fig. 130. Low-voltage switching cable. 
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FROM PANEL 120V 
HOT 


MOMENTARY 
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Fig. 131. Low-voltage switching circuit. 
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Fig. 132. Low-voltage circuit showing 2 or more switches for 1 light. 
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Fig. 133. Low-voltage circuit with 3 or more relays. 
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GROUNDING 
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CONDUCTORS 


EQUI PMENT 
GROUND 


Fig. 134. Typical low-voltage relay installed in a 4-inch square box. 


204 


SUMMARY 


Fig. 133 shows one switch and three lights. There are many 
versions of these connections, but these will illustrate the 
main points. Fig. 134 shows one of the relays used with low- 
voltage switching mounted in a junction box. The relay will 
fit a % inch knockout in the box, so the relays may be 
mounted in individual boxes. A special relay enclosure is 
made to mount a number of these relays in one enclosure. 
The primary and secondary sides are always isolated. 


Fig. 135. Low-voltage switch assembly designed to control 9 different circuits. 


To control up to nine lights (or circuits) from one loca- 
tion, a 9-point dial-type switch is used. More than one of 
these switches may be used to accomplish the same thing 
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from more than one point. The connections are parallel and 
the circuit you wish to control is dialed on the switch and 
then pushed to the on or off position. See Fig. 135. 


CONDUIT 


Most homes are wired with NM cable but (even if wired 
in NM cable) there is usually a certain amount of conduit 
or EMT which must be installed. The wiring of basement 
walls for outlets should be laid out and conduit installed 


_ OFFSETS 
f — 


LOCKNUTS AND 
| 7 BUSHING 


99000 a CONCRETE WALL 


| BOX 


Fig. 136. Conduit and box installation installed before pouring concrete wall. 
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while the concrete forms are being set for the pouring of the 
walls. In setting the outlet boxes, do not be concerned with 
any furring strips used on the walls when they are finished. 
Box extensions can be added to take care of the furring. 
When installing conduits for outlets in basement walls, the 
same outlet spacing will be required as discussed in Chapter 
14. The basement may not be finished at the time of oc- 
cupancy, but it will be later, this you may be assured of. 

Fig. 136 illustrates how to rough-in conduit before pour- 
ing the concrete. The conduit only needs to be stubbed out 
above the plate as it will be a raceway for NM cable. Stuff 
the box with newspaper to assist in cleaning out any con- 
crete that may seep into the box. Conduit may also be 
run horizontally between outlets, if vou so desire. 

At most outlets in concealed work, where a house is 
wired with conduit, a right angle bend is necessarv. The in- 
experienced man has difficulty in making this bend to proper 
length. In general, the conduit to be bent must have a 
total depth (Fig. 137A) from the back of the pipe to the 
end of the bend. The procedure is as follows: 


Secure a piece of conduit, and by the aid of a hickey, 
bend the end up slightly from the floor keeping your left 
foot on the conduit and close to the hickey. Exert your 
bending force in two directions; one toward the bend 
along the line of the hickey handle and the other toward 
the right foot. When the bend is about three-fourths 
completed, measure up from the floor to the end of the 
conduit to determine whether the bend is going to be too 
short or too long when completed. Shortening or length- 
ening the bend at this time, if it is necessary, may be done 
by sliding your hickey up or down on the conduit and 
continue to bend, being sure to apply the various forces 
as directed (Fig. 137B). 
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(A) Measuring the bend. 


(B) Making the bend. 


D E 
(C) Measuring distance between two boxes for conduit length. 


F H G 
(D) Measuring both bend. 


CUT HERE 


DE + (GF -GH) 


(E) Measuring for total length. 


m l эй 


(F) Measuring total length. 


Fig. 137. Method of bending and measuring. 
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If two outlet boxes are to be connected together by 
means of a single piece of conduit, proceed as follows: 
Measure the distance from the far side of the knock-out 
in box D to the far side of the knock-out box E, Fig. 
137C. From the bend (Fig. 137A), determine its length 
by placing a piece of wire around the bend from F to 
some point G on the straight part of the pipe. Measure 
the distance from G to H (Fig. 137A). Subtract the length 
GH from the total length of the wire GF (Fig. 137D) 
and add the length HF to the length DE in Fig. 137C. 
This will give the length of pipe from the back of the 
first bend to the end of the pipe (Fig. 137E). To illustrate 
Fig. 137 : 

Assume C to B = 8 inches 

DE to BE = 6 inches 

GH to BE = 5 inches 

GF to BE = 12 inches 

DE + (GF — GH) = HJ 

HJ = (6 inches X 12 inches) + (12 inches — 
5 inches ) 

HJ = 72 inches + 7 inches = 79 inches total. 

Care should be exercised in bending the second bend so 
as to produce a duplicate of the first one. Place the bent end 
against the wall and measure out on the floor the distance 
of 6 ft. and bend the conduit so that when finished it will be 
6 feet from end to end outside both bends, as shown in 
Fig. 137F. 

Great care should be taken in order to get all conduits 
and boxes lined up so that when the mechanical work on 
the home is completed, the electrical devices installed will 
present a neat appearance. Before installing conductors in 
the conduit, the conduit should be swabbed out if it is found 
to contain water. Remember, no conductors are to be in- 
stalled in conduit until all conduit is complete, and in 
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place, and the home is protected from the elements by the 
roof, walls, etc. 

In a frame home conduit, as a rule, is not used to any 
great extent. When conduit is installed and concealed, 
notches are cut in the upper side of the floor just large 
enough to receive the conduit. Do not weaken the floor 
joists. Care must be taken not to recess the joists, etc., 
beyond the amount really necessary because of the weak- 
ening effect. 

A conduit installation is more expensive than a NM cable 
installation. However, it has the advantage of being more 
flexible, since conductors may be removed and new con- 
ductors substituted or added at any time, provided that 
the conduit fill has not already been exceeded and any de- 
rating required by Note 8 with Tables 310-16 through 
310-19 are observed. 

Refer to Chapter 10 covering ELECTRICAL METALLIC TUB- 
iNG and Chapter 11 covering RIG METAL CONDUIT and 
abide by what is covered in these two chapters. Pay par- 
ticular attention to Fig. 67, regarding “kinks and wrinkles”. 
Fig. 66 "radius of bends" and Figs. 64 and 65, pertain to 
the number of bends between pull boxes. Unless you have 
experienced trouble with pulling conductors or stripping 
insulation when pulling conductors, this may not mean too 
much to you. If the rules are not adhered to, such as less 
bends, you will regret your new experience and it will be 
rather late to rectify your mistakes, besides you always 
have an inspector watching for Code violations. Always do 
a good job of reaming conduit and EMT ends, you fool no 
one but yourself by any cheating on this rule. 


LAYING OUT OF CIRCUITS 


You have, or should have, a print of the house and the 
layout of circuits and outlets on the print. You should also 
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ascertain at what height your customer wishes the outlets 
and switches to be installed. Check to be sure that the lay- 
out of outlets and lighting meets the approval of the home 
owner. Stay within spacing required by the NEC, but add 
more outlets if the customer sd desires. So often a customer 
says: “But I do not need an outlet there”. Fine, put the 
outlet where the customer wants it, but if the proper spacing 
as required by the NEC is not met, explain to the customer 
the facts in the case. This has happened many times to 
the author and later the customer has thanked me for the 
extra outlets that has to be installed to meet Code require- 
ments. 

In discussing the heights of receptacles and switches 
with your customer, the following heights seem to be the 
most used and may be of assistance to you: 


Receptacles 12 inches to 18 inches, 

Receptacles over counter-tops 42 inches, 

Receptacles in bathrooms over or by sink 42 inches, 
Switches 42 inches to 54 inches. 


Thermostats should, to be practical, be installed at 
shoulder height. When installing, it should be at the height 
most comfortable to attain a temperature most comfortable 
to your body. You may compensate the setting to attain a 
comfortable temperature but it seems so much easier to ex- 
plain the temperature of thermostat setting, if they are as 
they should be and not to add or subtract degrees in the 
reaching of a proper temperature at which the customer is 
comfortable. 

After you have the height information for outlets and 
switches, use a 1 inch X 2 inch board 5 ft. long and mark 
it off for use in measuring the height of outlets and switches. 
See Fig. 138. This template, or marking stick, is then 
used to mark the location of the outlet box. After the out- 
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Fig. 138. A template used to mark outlets and switch heights. 


lets have been spotted for location, use this board and mark 
the heights on the studs. Nothing looks worse than “X” 
number of receptacles in a room at “X” number of heights. 

Now that you have locations and heights established, 
“What direction will you run the cable to feed these out- 
lets?" It will be impossible to give you a hard and fast rule 
for this, but suggestions should be made. I have gone into 
houses (on inspections) that looked like a spider web. This 
type of wiring will work but more cable is required and 
the voltage drop will be greater. The electricity loss plus 
the extra footage of cable costs money—not only first cost 
but every day cost. Analyze the wiring layout, a little time 
spent in doing this will pay large dividends. 

The wiring in a house is like “hand writing" to an in- 
spector, he can, in most cases, tell you who wired the 
house. Pride should be taken in your workmanship, as well 
as Code requirements. 

I call to mind walking into a home to make a rough-in 
inspection (all walls open), my first impression was "inade- 
quately wired." Then I started checking and found one of 
the best wired homes that I have ever seen. My first im- 
pression was due to the lack of cables run. Time was taken 
in planning the layout and cable run in so far as practical 
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in a horizontal pattern from outlet to outlet, instead of tak- 
ing each run to a junction box in the attic or crawl space 
and thus spider-webbing. I assure vou that the most work- 
manlike wiring of a home that I had ever seen was accom- 
plished with a very minimum footage of cable-vou may be 
assured that this wireman was commended on his work. 

Junction boxes are necessary items. Some must, by neces- 
sity, be used in attics and crawl spaces, but any extra con- 
nections take time and are potential sources of trouble, so 
the fewer the connections, the better. One thing to remem- 
ber is that trouble has a way of developing, without any 
extra assistance, this we must not overlook. 

Go back and take a look at Fig. 6 on page 18. The recep- 
tacles in bedroom No. 1 were put on a circuit with the light 
in bedroom No. 2, and by the same token, the receptacles 
in bedroom No. 2 were put on the same circuit with the 
light in bedroom No. 1. Why? This would leave either the 
light or receptacles in either bedroom operable in case of 
trouble on either circuit No. 1 or No. 2. The advantage of 
this need not be explained, it explains itself, should sickness 
occur, there is a hot circuit available. 

You will also notice that the furnace is on circuit No. 18, 
in Fig. 6B on page 19. It is not a Code requirement that 
the furnace be on a separate circuit, but let us suppose 
that the furnace circuit had other outlets on it and trouble 
developed, the furnace will not operate and we are without 
heat. One thing that I did not mention was that a“Fusestat”, 
at the furnace sized to the value required by the furnace 
motor, should be installed. This is a watchdog for furnace 
motor trouble, which will tell us that trouble has developed 
in the motor and we may get the necessary repairs made 
before a new motor has to be purchased. 

As to the dishwasher and disposal, they shall not be put 
on small appliance circuits. I would suggest a multiwire 
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circuit which is shown in Fig. 139. The definition of a 
multiwire circuit is: Branch Circuit, Multiwire: A multiwire 
branch circuit is a circuit consisting of two or more un- 
grounded conductors having a potential difference between 
them, and an identified grounded conductor having equal 
potential difference between it and each ungrounded con- 
ductor of the circuit and which is connected to the neutral 
conductor of the system. 

The dishwasher is on 1- 120 volt circuit, direct connected 
and well grounded. Exceptions for this are portable dish- 
washers which will be plugged into the small appliance cir- 
cuits. The disposal is on the other 120 volt circuit and well 
grounded. 

One item to remember, is that a disposal is often removed 
for repairs by someone other than an electrician. If directly 
connected to the circuit, someone not familiar with equip- 
ment grounding conductors, could very easily not appre- 
ciate the value of the equipment grounding conductor and 
miss the proper connection. Personally, I like to see the 
disposal connected by cord and grounding type attach- 
ment plug for easy removal and replacement. This method, 


of course, may not appeal to you, if not, direct connect it. 
See Fig. 140. 
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Fig. 139. Multiwire circuit for dishwasher and disposal. 
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Fig. 140. Cord and plug connected disposal. 


COLOR CODING 


Section 200-7 of the NEC tells us that white or natural 
gray colored conductors are to be used for identified (neu- 
tral) conductors and shall be used for no other purpose. 
Section 200-6 of the NEC tells us: Insulated conductors 
larger than No. 6, shall have an outer identification of 


WHITE TAPE OR 
WHITE PAINT AT END 
Fig. 141. Identification of conductor cable No. 4 and larger. 
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Fig. 142. Color coding for circuit with single-pole switch and light. 


white or natural gray color, or shall be identified by dis- 
tinctive white marking at terminals during process of instal- 
lation. The reason for permitting marking of conductors 
larger than No. 6, is that white or natural gray insulation 
is generally not available in No. 4 and larger conductors. 
See Fig. 141. 

There are exceptions for NM sheathed cable and AC 
cable because 2-wire cable has 1- black, and 1- white and 
3-wire cable has 1- black, 1- red and 1- white conductor. 
Illustrations for cable markings are shown in Figs 142 
through 146. 
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Fig. 143. Color coding for circuit with light at feed and a single-pole switch. 
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Fig. 144. Coding for switched light and hot receptacle. 

From these illustrations, you may readily see that white 
(neutral) goes to the light or the screw connection on 
screw-base sockets. Elsewhere, the white may be used as a 
traveler but then a black wire shall go back to the light. A 
neutral (identified conductor) is never connected to a 
switch. There is nothing to prohibit you from color-coding 
off colors at switching points, in fact it is recommended by 
the author, should you so desire. 


BOX FILL 


It might be well to review box fill, using the illustrations 
shown in Figs. 142 through 146. In Fig. 142, we have two 
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Fig. 145. Coding for feed to light with two 3-way switches. 
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Fig. 146. Coding for feed to light with two 3-way switches. 
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2-wire cables with ground connected to the switch box. 
Thus, we have a total of 4 current carrying conductors 
entering the box, plus 2 equipment grounding conductors, 
making a total of 6 conductors. Then we have cable clamps 
and one device (switch). The grounding conductors (2) 
are counted as one conductor, plus 4 current carrying con- 
ductors or 5 conductors. We add the cable clamps and one 
for the switch, making 7 conductors total, for figuring fill. 
If these are No. 14’s, using Table 370-6(a) on page 154, 
we discover it will take a 3 X 2 X 2% device box. If No. 
12's were used , we find that it would take a 4 X 1% box. 

In the octagon box, for the light, we have 2-wire cable 
with ground or 3 conductors and cable clamps. There 
would be no device, but if a fixture stud was used for mount- 
ing the light fixture, we would have three conductors, cable 
clamps and a fixture stud, making a total of 5 conductors 
to use in calcuating the box size. With No. 14's, using Table 
370-6(a), we could use either a 34 X 1% octagonal box, 
a 3% X 15 octagonal box or a 4 X 1% octagonal box. If No. 
12's were used we could use the 3% X 1% octagonal box or 
a4 X 1% octagonal box. 

This does not mean that you must use the exact box, you 
may use larger boxes but never smaller boxes. Since boxes 
for wiring a home are purchased in quantity, you may pre- 
fer the larger box to simplify the number of different size 
boxes that you use. 

Take the octagon box in Fig. 146. Here we have two 3- 
wire cables and one 2- wire cable, with grounds. Thus, we 
have 8 current carrying conductors and three grounding 
conductors, but we are only required to count 1 grounding 
conductor, so we have 9 conductors to figure—plus cable 
clamps and fixture stud, if used, or 11 conductors. 

If No. 14’s are used, from Table 370-6(a), we find we 
need a 4 X 2% octagonal box. If No. 12's were used, we 
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would need a 4 X 2% square box or a 4 X 2% octagonal box 
with an extension, as covered in Fig. 92, Page 151. 


INSTALLATION OF CABLES 


Allowance must be made to allow cable movement as a 
house settles. In Figs. 43, 44, and 45 (page 89 and 90), 
you will notice that the staples were not placed right at the 
cable bends, this allows for freedom of movement. Also, 
never install the staple too tight, this is because you might 
cut the insulation. 

Most homes have an attic scuttle hole for access into the 
attic. Section 333-12 covering AC Cable will be copied here 
as it also applies to NM sheathed cable. 


333-12. In Accessible Attics—Type AC cables in accessible 
attics or roof spaces shall be installed as follows: 

(a) Where run across the top of floor joist, or within 7 
feet of floor or floor joists across the face of rafters or 
studding, in attics and roof spaces which are accessible, the 
cable shall be protected by substantial guard strips which 


—<+6' MIN.—— | ATIC HOLE 


Fig. 147. Cable in attic not protected by running boards. 
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are at least as high as the cable. Where this space is not 
accessible by permanent stairs or ladders, protection will 
only be required within 6 feet of the nearest edge scuttle 
hole or attic entrance. 

(b) Where cable is carried along the sides of rafters, 
studs or floor joists, neither guard strips nor running boards 
shall be required. See Figs. 147 and 148. 


ALONG SIDE OF RAFTER 


ACROSS RAFTERS 


\ EN AW WITH GUARD 
ү NT 
= = E— | 
=== 


ALONG S1DE OF 
JOISTS 


ACROSS 
TOP OF 


JOISTS 
zx WITH GUARD 
m STRIPS 


THROUGH JOISTS WITH RUNNING 
BOARD PROTECTION 


Fig. 148. Method of running nonmetallic sheathed cable in attic. 
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SUMMARY 

From these illustrations, you see that there are two al- 
ternatives: (1) keep the cable a minimum of 6 feet from 
the scuttle hole, and (2) if run is closer than 6 ft., install 
running boards for protection of the cable. 


BOX AND DEVICE GROUNDING 


We should never lose sight of the importance of the 
equipment grounding conductors. Therefore we must take 
every precaution to see that the equipment grounding con- 
ductors are electrically continuous and properly made, with 


GREEN GROUNDING 
PRESSURE 
CONNECTOR 


E 
GREEN OR BARE 
GROUNDING CONDUCTOR 
(EQUIPMENT) 


OUTLET 
„ВОХ 


Fig. 149. Proper connections for equipment grounding conductors. 


224 


SUMMARY 


low impedance, so that they may serve the purpose for 
which they were intended. 

What happens if a phase conductor shorts to ground in 
a box, or an electric drill, hedge clipper, saw, etc., develops 
a ground? The box appliance enclosure develops a poten- 
tial above ground, which will pass through your body. The 
equipment grounding conductors are paths for this po- 
tential (above ground ) to return to the fuse or breaker pro- 
tecting the circuit involved, blowing the fuse or tripping 
the breaker, thus, removing this potential above ground. 


1" X 2" FURRING : 
| STRIPS | 
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' ЖоК" 
D 
i 
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Fig. 150. Furring strips on concrete or block walls. 
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In making up grounds in boxes where you have more 
than one grounding conductor, do not place more than one 
grounding conductor under a box grounding screw. Splice 
all conductors together by means of an approved connec- 
tor, installing a pigtail for the box grounding and another 
pigtail for the connection to the green grounding screw of 
the switch, receptacle, or other device. See Fig. 149. All 
boxes have tapped holes for 1%» grounding screws. Purchase 
the approved large headed grounding screws, never use 


solder. 
There are “UL” approved devices such as receptacles that 


ground to the box and a grounding conductor will not be 
required. There are also “UL” approved grounding clips 
used for grounding the equipment grounding conductor to 


the box edge. 
WIRING BASEMENTS 


Earlier in this Chapter, the rough-in boxes in concrete 
basement walls were discussed. This of course covered 
houses under construction. Sometime you may be faced 
with installing outlets in the finished basement (concrete) 
wall. 

If conduit was installed in the concrete walls during con- 
struction, you will find the job of wiring simple. If there is 
no conduit, the wiring must be installed flush with the wall. 
Many people like to furr out the basement walls and install 
drywall or paneling. This will simplify the installation of the 
necessary outlets to meet the NEC requirements. 

Furring is usually accomplished by nailing 1- or 14-inch 
strips to the concrete or block walls and the drywall or 
paneling installed on these strips. See Fig. 150. Chisel out 
enough concrete to accommodate a device box of the proper 
cubic inch capacity and support the box with box hangers. 
This will be required due to the damp location. 


226 


SUMMARY 


You may also continue with horizontal runs by cutting out 
notches in furring strips for the cable. Cover the cutout por- 
tion with Ив inch steel plate, to protect the cable from nails. 


: п 4 
STUDS 


CUT OUT PLASTER HEADER 


Fig. 151. Notching out old headers (fire stops) for new electrical wiring. 


ADDING WIRE TO OLD HOMES 


Here is where you use your ingenuity. No book would 
be large enough to possibly cover all possible problems 
which you might encounter. Some of the more common 
problems will be covered. 

If the older house has lathe and plaster, the old plaster 
is often removed and replastered or drywall is installed 
over the old plaster. In these cases your problem will not be 
large, as you may cut holes in the walls and fish in the 
NM cable very readily. 
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A very common problem that one runs into is headers 
(fire stops) between joists. This is usually overcome as il- 
lustrated in Fig. 151. The header is located and plaster 
chipped out. The header is notched and covered with a 
Ae inch steel plate after the NM cable has been installed 
and then patched with plaster. If the wall is brick, cut a 
channel 2 inches deep in the brick, install NMC cable or 
UF cable at the bottom of the chase, install a strip of “6 
inch steel over the cable and replaster. 

Should you wish to fish down partitions between wall 
studs, it is generally best to use a small metal sash chain 
because of its flexibility. Locate the point at which you wish 
to install the outlet or switch, drill the top plates from 
the attic and drop the chain through this hole. It usually 
can be heard rubbing the wall. Cut an opening, fish the 
chain with a bent piece of wire and pull in the NM sheathed 
cable. 
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Electric Motor 


Electric Watt-hour 
Mater 


Circuit Breaker 


Fusible Element 


Single-Throw 
Knife Switch 


Doubie-Throw 
Knife Switch 


Ground 


Battery 


446.3) 


(48) 


(11.1) 


(36) 


(76.3) 


(76.2) 


(13.3) 


(7) 
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1.0 


2.0 


2.1 


2.2 


230 


Ceiling 


Ungrounded Grounding 


Ө -Ө 
== 


Wall 


о 


о 


LIGHTING OUTLETS 


Surface or Pendant Incandescent Mercury 
Vapor or Similar Lamp Fixture 


Recessed Incandescent Mercury Vapor or 
Similar Lamp Fixture 


Surface or Pendant Individual Fluorescent 
Fixture 


Recessed Individual Fluorescent Fixture 


Surface or Pendant Continuous-Row Fluores- 
cent Fixture 


Recessed Continuous-Row Fluorescent Fix- 
ture 


?Bare-Lamp Fluorescent Strip 
Blanket Outlet 


Junction Box 


Outlet Controlled by Low-Voltage Switching 
When Relay Is Installed in Outlet Box 


RECEPTACLE OUTLETS 


Single Receptacle Outlet 


Duplex Receptacle Outlet 


2.3 


2.4 


2.5 


2.6 


2.7 


2.8 


2.9 


2.10 


2.14 


2.16 


2.18 


Ungrounded 


* 
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e0àó6óo02é60 
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óe88660602858U 
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Triplex Receptacle Outlet 


*Quadruplex Receptacle Outlet 


Duplex Receptacle Outlet—Split Wired 


Triplex Receptacle Outiet—Split Wired 


Single Special-Purpose Receptacle Outlet 


Duplex Special-Purpose Receptacle Outlet 


Range Outlet 


Special-Purpose Connection or Provision for 
Connection. Use Subscript Letters to Indi- 
cate Function (DW—Dishwasher; CD—Clothes 
Dryer, etc.) 


Clock Hanger Receptacle 


Floor Single Receptacle Outlet 


Floor Duplex Receptacle Outlet 


‘Floor Special-Purpose Outlet 


Floer Telephone Outlet—Private 
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3.) 


3.2 


3.3 


3.4 


3.5 


3.6 


3.7 


3.8 


3.9 


3.10 


Stim 


SWITCH OUTLETS 


Single-Pole Switch 


Double-Pole Switch 


Three-Way Switch 


Four-Way Switch 
Key-Operated Switch 


Switch and Pilot Lamp 


Switch for Low-Voltage Switching System 


Master Switch for Low-Voltage Switching System 


Switch and Single Receptacle 


Switch and Double Receptacle 


Door Switch 
Time Switch 
Circuit Brecker Switch 


Momentary Contact Switch or Push-button for Other Than 
Signalling System 


Ceiling Pull Switch 


4.0 
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INSTITUTIONAL, COMMERCIAL, AND INDUS- 
TRIAL OCCUPANCIES 


Amplifier 


» 


Microphone 


zd 
+ 
d 
d 


Exterior Speaker 


Any other item on same system—use numbers 
as required. 


5.0 RESIDENTIAL OCCUPANCIES 


5.1 | [ e | Push-button 


5.2 М ] Buzzer 
53 {| в 
5.4 {у . Combination Bell-Buzzer 


5.5 Chime 

5.6 ФЕ Аппипісаїог 

5.7 [0] Electric Door Opener 
5.8 [м] Maid's Signal Plug 

5.9 m Interconnection Box 
5.10 Bell-Ringing Transformer 
5.11 = Outside Telephone 
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5.12 DO Interconnecting Telephone 

5.13 [R] Radio Outlet 

5.14 Television Outlet 

6.0 PANELBOARDS, SWITCHBOARDS AND RELATED EQUIPMENT 


6.1 C oa 5Flush Mounted Panelboard and Cabi- 
net 

6.2 5Surface Mounted Panelboard and 
Cabinet 


8.0 REMOTE CONTROL STATIONS FOR MOTORS OR OTHER 
EQUIPMENT 


8.3 Limit Switch—Mechanical 


8.6 \\ Electric Eye—Relay 


8.7 Thermostat 


8.5 Electric Eye—Beam Source 


9.0 CIRCUITING 


9. — Wiring Concealed in Ceiling or Wall 


92 ——- -— — Wiring Cencealed in Floor 


93 —————————-—-— Wiring Exposed 
Nete: Use heavy-weight line te identify serv- 
ice end feeders. Indicate empty con- 
duit by rotation CO (cenduit only). 
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94 = Branch Circuit Home Run to Panel Board. 
Number of arrows indicates number of cir- 
cuits. (A numeral at each arrow may be 
used to identify circuit number.) Note: Any 
circuit without further identification indicates 
fwo-wire circuit. For a greater number of 
wires, indicate with cross lines, e.g.: 


— 3 wires; o——— 4 wires, etc. 


9.5 0) Wiring Turned Up 


9.6 0 Wiring Turned Down 


NOTES 

"In the case of combination continuous-row fluorescent and incandescent spotlights, 
use combinations of the above standard symbols. 

lin the case of continuous-row bare-lamp fluorescent strip above an area-wide 
diffusing means, show each fixture run, using the standard symbol; indicate area 
of diffusing means and type by light shading and/or drawing notation. 

3Use numeral or letter either within the symbol or as a subscript alongside the symbol 
keyed to explanation in the drawing list of symbols to indicate type of receptacle 
or usage. 

3Use numeral or letter either with the symbol or as a subscript alongside the symbol 
5ldentify by notation or schedule. 
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Table 8. Properties of Conductors 


D. C. Resistance 
Concentric Lay Ohms/M Ft. 
Stranded Bare At 25°С. 2775 E. 


Conductors Conductors - 
Alumni- 
Each * Area 
. | Wire iam.| Sq. Bare J|Tin'd. 
Inches| Inches|Inches Cond. |Cond. 


105600 
133100 
167800 
211600 


250000 
300000 
350000 
400000 


600000 


1000000 
1250000 
1500000 
1750000 
2000000 


* Area given is that of a circle having a diameter equal to the overall dia- 
meter of a stranded conductor. 

The values given in the Table are those given in Handbook 100 of the Na- 
tional Bureau of Standards except that those shown in the 8th column are 
those given in Specification B33 of the American Society for Testing and Ma- 
terials, and those shown in the 9th column are those given in Standard No. 
S-19-81 of the Insulated Power Cable Engineers Association and Standard 
No. WC3-1964 of the National Electrical Manufacturers Association. 

The resistance values given in the last three columns are applicable only 
to direct current. When conductors larger than No. 4/0 are used with al- 
ternating current the multiplying factors in Table 9, Chapter 9 should be 
used to compensate for skin effect. 
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APPENDIX 
Table 6. Dimensions of Lead-Covered Conductors 
Types RL, RHL, and RUL 


Single Three 
Conductor do eor Conductor 


ixi. 123 


.74 x 1.32 
.79 x 1.41 
.84 x 1.52 
.90 x 1.64 


The above cables are limited to straight runs or with nominal offsets 
equivalent to not more than two quarter bends. 


Note — No. 14 to No. 8, solid conductors: No. 6 and larger, stranded con- 
ductors. Data for 30-mil insulation not yet compiled. 


239 


APPENDIX 


Table 7. Dimensions of Asbestos-Varnished-Cambric 
Insulated Conductors 


Types AVA, AVB, and AVL 


Type AVA Type AVB Type AVL 


Approx. | Approx. | Approx. | Approx. | Approx. | Approx. 
Diam. Area Diam. Area _ Diam. Area 
Inches | Sq. Ins. | Inches Sq. Ins. | Inches Sq. Ins. 


1.095 945 1.190 1.118 
1.135 1.01 1.265 1.26 
1.175 1.09 1.305 1.34 


Note: No. 14 to No. 8, solid, No. 6 and larger, stranded; except AVL 
where all sizes are stranded. 
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Table 9. Multiplying Factors for Converting DC 
Resistance to 60-Hertz AC Resistance 


Multiplying Factor 


For Nonmetallic Sheathed | For Metallic Sheathed 
Cables in Air or Cables or all Cables 
Nonmetallic Conduit in Metallic Raceways 


p у= 


250 MCM 
300 MCM 
350 MCM 
400 MCM 
500 MCM 


600 MCM 
700 MCM 
750 MCM 
800 MCM 


1000 MCM 
1250 MCM 
1500 MCM 
1750 MCM 
2000 MCM 


de ju pne jum mh ph pum bem mà mb pem jud jum ма а ана а 
осло | оо | ооо | ороо 
NAW о |м Оо | о оооло СА | ал р ч м 
рна кєз раа рма рана | ре рона Вана реа | а уча а ра аа АЈ 
лшы hol ооооо| оо © 
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APPENDIX Decimal Inch Equivalents of 
Millimeters and Fractional Parts of Millimeters 


Inches mm 


Wire Gauge Standards (Cont'd) 


APPENDIX 


American | 
or Brown 
& Sharpe 


0.516549 
0.460 
0.40964 
0.3648 
0.32486 


0.2893 

0.25763 
0.22942 
0.20431 
0.18194 


0.16202 
0.14428 
0.12849 
0.11443 
0.10189 


0.090742 
0.080808 
0.071961 
0.064084 
0.057068 


0.05082 
0.045257 
0.040303 
0.03589 
0.031961 


0.028462 
0.025347 
9.022571 
0.0201 
0.0179 


0.01594 

0.014195 
0.012641 
0.011257 
0.010025 


Washburs Am 
& Mo 5 


erican 
& W. 


4.432 
0.400 
0.372 
0.348 
0.324 


0.300 
0.276 
0.252 
0.232 
0.212 


0.192 
0.176 
0.160 
0.144 
0.128 


0.116 
0.104 
0.092 
0.080 
0.072 


0.064 
0.056 
0.048 
0.040 
0.036 


0.032 
0.028 
0.024 
0.022 
0.020 


0.018 

0.0164 
0.0149 
0.0136 
0.0124 


0.43775 
0.40625 
0.375 
0.34375 
0.3125 


0.28125 
0.265625 
0.250 
0.234375 
0.21875 


| 0.203125 


0.1875 
0.171875 
0.15625 
0.140625 


0.125 
0.109375 
0.09375 
0.078125 
0.0703125 


0.0625 
0.05625 
0.050 
0.04375 
0.0375 


0.034375 
0.03125 
0.028125 
0.025 
0.021875 


| 0.01875 


0.0171875 
0.015625 
0.0140625 
0.0125 
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Birmingham 
or stubs 


0.0109375 
0.01015625 
0.009375 


0.00859375 
0.0078125 


0.00703125 
0.006640625 
0.00625 


Metric Measures 


The metric unit of length is the meter = 39.37 inches. 

The metric unit of weight is the gram = 15.432 grains. 

The following prefixes are used for sub-divisions and multiples: Milli = 1/1000, 
Centi == 1/100, Deci = 1/10, Deca = 10, Hecto = 100, Kilo = 1000, Myria = 
10,000. 


Metric and English Equivalent Measures 


MEASURES OF LENGTH 
Metric English 
1 meter = 39.37 inches, or 3.28083 feet, or 1.09361 yards 
.3048 meter = ] foot 
1 centimeter = ,3937 inch 
2.54 centimeters = 1 inch 


1 millimeter .03937 inch, or nearly 1-25 inch 
25.4 millimeters = 1 inch 
1 kilometer = 1093.61 yards, or 0.62137 mile 


English Conversion Table 


Length 
Inches x .0833 = feet 
Inches x .02778 = yards 
Inches x .00001578 = miles 
Feet x 3333 = yards 
Feet x .0001894 = miles 


Yards 

Yards 

Yards 

Miles 

Miles 

Miles 

Circumference of circle 
Diameter of circle 


Area 


Squere inches 

Square inches 

Square feet 

Square feet 

Square yards 

Square yards 

Dia. of circle squared 
Dia. of sphere squared 


Volume 


Cubic inches 

Cubic inches 

Cubic inches 

Cubic feet 

Cubic feet 

Cubic feet 

Cubic yards 

Cubic yards 

Dia. of sphere cubed 


Weight 


Grains (avoirdupois) 
Ounces (avoirdupois) 
Ounces (avoirdupois) 
Pounds (avoirdupois) 
Pounds (avoirdupois) 
Pounds (avoirdupois) 
Tons (avoirdupois) 
Tons (avoirdupois) 


Energy 


Horsepower 
B. t. u. 
Ton of refrigeration 


XXXXXXXxx 


XXXXXxxXxXxx XXXXXXXXx 


XXXXXXXX 


XXX 


APPENDIX 


inches 

feat 

miles 

inches 

feet 

yards 
diameter 
circumference 


square feet 
square yards 
square inches 
square yards 
square inches 
square feet 
aroa 

surface 


cubic feet 
cubic yards 
U. S. gallons 
cubic inches 
cubic yards 
U. S. gailons 
cubic inches 
cubic feet 
volume 


ounces 
pounds 

tons 

ounces 
hundredweight 
tons 

ounces 

pounds 


ft.-Ibs. per min. 
ft.-Ibs. 
B. t. u. per min. 


245 


APPENDIX 


Premure 


Lbs. per sq. in. 

Ft. of water (60°F.) 
Ins. of water (60?F.) 
Lbs. per sq. in. 

Lbs. per sq. in. 

Ins. of Hg (60°F.) 


Horsepower 
Watts 
Horsepowar 


XXXXXX 


ххх 


2.31 
433 
0361 

27.70 

2.041 

490 


746. 
001341 
42.4 


ft. of water (60°F.) 
lbs. per sq. in. 

lbs. per sq. in. 

ins. of water (60°F.) 
ins. of Hg. (60°F.) 
lbs. per sq. in. 


watts 
horsepower 
B. f. и. per min. 


Water Factors (at point of greatest density—39.2^F.) 


Miners inch (of water) 
Cubic inches (of water) 
Cubic inches (of water) 
Cubic inches (of water) 
Cubic inches (of water) 
Cubic feet (of water) 
Cubic feet (of water) 
Cubic feet (of water) 
Cubic inches (of water) 
Cubic foot of ice 

Ounces (of water) 
Pounds (of water) 
Pounds (of water) 
Pounds (of water) 
Pounds (of water) 

Tons (of water) 

Tons (of water) 

Tons (of water) 

U. S. gallons 

U. S. gallons 

U. S. gallons 

U. S. gallons 

U. S. gallons 

English gallons (Imperial) 
English gallons (Imperial) 
English gallons (Imperial) 
English gallons (Imperial) 
English gallons (Imperial) 
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8.976 
.57798 
.036124 
.004329 
.003607 

62.425 
.03121 
7.4805 
6.232 
57.2 
1.73 
26.68 
.01602 
.1198 
10998 
32.04 
239.6 
199.6 
231.00 
.13368 

8.345 
.8327 

3.785 

277.41 
.1605 
10.02 
1.201 
4.546 


U. S. gals. per min. 
ounces 

pounds 

U. S. gallons 
English gallons 
pounds 

tons 

U. S. gallons 
English gallons 
pounds 

cubic inches 
cubic inches 
cubic feet 

U. S. gallons 
English gallons 
cubic feet 

U. S. gallons 
English gallons 
cubic inches 
cubic feet 
pounds 
English gallons 
liters 

cubic inches 
cubic feet 
pounds 

U. S. gallons 
liters 


Length 
Millimeters 
Millimeters 
Centimeters 
Centimeters 
Meters | 
Meters 
Meters 
Kilometers 
Kilometers 
Kilometers 


Area 


Sq. Millimeters 
Sq. Millimeters 
Sq. Centimeters 
Sq. Centimeters 
Sq. Meters 
Sq. Kilometers 
Hectares 
Volume 


Cu. Centimeters 
Cu. Centimeters 
Cu. Centimeters 
Cu. Meters 

Cu. Meters 

Cu. Meters 
Litres . 

Litres 

Litres 

Litres 

Litres” 
Hectolitres 
Hectolitres 
Hectolitres 
Hectolitres 


Weight 


Grams 
Grams 
Grams (water) 
Grams 


Kie-grams 
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Metric Conversion Table 


Mt xXx Mx XT Хх 


XXX Xt xX 


+ 


XXXXd + XDE A X + 


XE x 


inches 

inches 

inches 

Inches 

inches (Act. Cong.) 
feet 

yards 

miles 

miles 

feet 


за. in. 
за. in. 
за. in. 
sq. in. 
sq. ft. 
acres 

acres 


cu. in. 

fl. drs. (U.S.P.) 

fl. oz. (U.S.P.) 

cu. ft. 

cu. yards 

gals. (231 cu. in.) 
cu. in. (Act. Cong.) 
fl. oz. (U.SJ.) 
gals. (231 cu. in.) 
gals. (231 cu. in.) 
cu. ft. 

cu. ft. 

bu. (2150.42 cu. in.) 
cu, yds. 

gals. (231 cu. in.) 


grains (Act. Cong.) 
dynes 


fi. oz. 
ez. avoirdupois 
tbs. 
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VALUE /VARIETY/INSTANT KNOW-HOW 


ART 


Historic Ornament 

Architecture Handbook 

Enjoying Art 

Figure Drawin 

How to Draw the Figure: Head to Toe 

How to Draw & Paint Still Life 

How to Draw Scenery 

Drawing & Painting 

Artist's Guide to Anatomy 

Perspective Drawing 

How to Draw Cartoons 

Complete Gde. to Silkscreen 

100 Figure Drawings 

Drawing With Pen and Ink 

Painting Techniques of the Human 
Form 

Artists H/Book of Materials & Methods 


AUTO MECHANICS 


Car Care & Repair 

Motorcycle Care & Repair 

Tuning for Economy and Performance 
Castrol's Guide for Cars 

Tires for Your Car 

Sell Your Car For More Than It’s Worth 
Bodywork & Painting for your Car 
Maximize Your Car’s Performance 
Keep Your Car Running Well 

Be Your Own Car Mechanic 

Car Owner's Gde. to Repairs 


BUSINESS 


Accounting Simplified for Non 
Accountants 

How to Write Better Business Letters 

Make the Most of Your Ad. Dollar 

Business Meetings That Work 

Accounting for the Small Business 

How to be a Super Salesman 

Successful Business Letters 

How to Manage a Retail Store 

How to Buy or Sell a Business 

Effective Office Management 

How to Start a Profitable Business at 
Home 

How to Motivate Other People 

Managing for Profits 
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